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This paper is divid吉d into three parts. Part: Iしonsider只 the survey of the previous stuc1ies， 
morphology， "shell mineralo日vぺrepr口rlucti口n、ecology‘m何日revolutionary l:rends. phylo伊 ny，clas~， i 
11cation， aml other paleonto 1川dc乱llyinteresting aspccts of the calcareolJs meml，crs of the :fmnily 
Codlaceae rDれinlybined 01. their P札leωoicrepresentatives. Part TI deals with 
SYi3t内Tlatic:3of the Paleowic Cocliaceae I.lSεd f臼rthe analysis of P出 t1. Two suhfamilies， twァotrihes.， 
and twenty-two 只eneraa1'e included: three耳eneraare ne¥v to SGlenCe句 Alayoshijうhycus，Hoegiotsisヲ
ancl Palmajうhylon.All the original illm:lrations of the genoholotypes are reproduced. Part III com、erns
the h1".lf三 histo1'Yof the "tucl目的 morpholo江Yラ n~productiün， ecology， and elassif1じatiO!l of the Gymno 
cocliaceae in comparisoll with cakareous mernher of the Chactangiaceae (R.hodophyceae)‘ A g'eneral 
cliscussion 01 the method of stucly for fossil calcareous algae is prepared at the encl of Part 1. An 
extensive hibliography ancl宮lossarymake the appendix 
The history of the studies on the fossij Codiaceae may be dissected into the五vestages ; (1) 
Earlieγ 札口目、 (2) Olcl Continents period (prior to 1935ト (3) Ages oJ expansion beyonc1 Europe (after 
}(35)， (!l) Dawn 01ρconomic interest in carhonate-builcling nature of Codiaceae in relation 1:0 petrol札1m
inclustry (after 19;j5) ， and (5) Period of int巴grativecollabora1:ion of 宮eologists町 paleopl"lycologistsッ
neophycolo!耳目ts，geochen11sts， biocherl11stぉ， and ecoloιists (afteτ1950)ー
Comparative morphology between the Recent Coclinceae and thei1' Paleozoic counterparts reveals 
that tbe latter except those which belong to the suhlamily Garwoodioideae is comp乱red with the 
subfamily Udotoideae and that it is seg1'egatecl into three morphological suites in terms of the habit 
of g1'Owth; (1) the first resemhling Udotea， (2) the second being like Halimeda， ancl (3) the third 
sI1nilar to PCl削 :i!lus. The五1'stg1'Oup (trihe Udoteae) is uhiq立itouslyfound in the marine carbonat己
sequences ranging fr口m llpper Mississippian to lower Permi日nin profusion. 1 is emphasized that the 
vagllely clεfmed tcnninology of the fossil Codiaceaεbe replaced hy the present te了minologyfor the living 
Codiaceae. 
164 K. KONlSHI 
Because of th21t the c21rbonate minerals precipitatecl by th巴 Co仁ムiiaceae21re Dot c21lcitic but aragonitic 
with poor Mg and appreciable Sr content， and that the mineralogical difference seems to correlate 
with旺uctuationof C日/02value， the mineralo-chemical 乱nalysis of carbon旦tes in fossil ca1careous 
alga巴 may be a useful m巴旦nsto determine their major cJassification 
Codium ancl Halimed科目thermonoecious 01' dio己CIOUSラ areonly two genera whose life hisLory 
has been throllghly knovm as a sexlIal reproduction cha工:acterizedby an alte主nationof a diploid plant 
with haploid gametes， the gametes representing the only haploicl stage in the diploid life-cycle_ These 
genera apparently of the same pattern of life hist口てy have distinctly different types 01 gametangiaフ
one with internal， and the otheで withexternaL Thre己 Paleozoicgenera， Uvaフ Orthriosipho抑) and 
Eugo加点hyllumare lmown to preserve gametangian structure， internally_ Translocation of the game-
tan宮ia，such as postu¥atecl for the Dasyclac1aceae might aJωbe pyoposec1 foτthe Codiac印 ιHowever，
it cannot be ruled out Ihat ceγtain ancient members of the Cocliaceae 1山lyhave cleveloped a rather 
diffεrent mocle of repτoc1uction. 
Ecological information of the Recent species of five calcareous p;enera (Halimed仏 Udotea，Penicilius， 
Rhipocethalus， and Tydemania) inc1icates tbal. like Dasyclacl江ceaeand c乱Icar巴ousChaetangiaceaeヲ they
live uncler such environments as; (1) surface water temperatllre being mostly ;n the area where 
isocrymes are丘bove120C ancl isotheres are above 200Cヲ (2)bathymetry， mostly shallower than 50 m 
(upper sublittoral)フ (3)also， mostly under the protectecl旦ι1calm conditions below low ticle level or 
even below wave base， and (4) t1巴 suhstratm:n，mostly of the calcareous mucl or calcareous sancl. 
These ecologicai data can bc applied to paleoecolo日ical 乱nd seclementological analysis of ancicnt 
carbon乱tcsec1im巴nむよ as proven by the studies on the Mi同 issippiansedimenls of Alberta and Montana， 
Pennsylv日nianrocks of Ne¥v I¥，1exlco and I(ansas; and Perrni811 beds of Kansθふ andby the previous 
reports on hiohermal or non-biob:rmal build--llPS in the scattered 8reas. 
Paleophytogeographic surveys of the Codiaceae as well as th.e Dasycladaceae and Gymnocodiaceae 
fm each period of th巴 PaleozoicEra suggest that climat 
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Dasycladaceae must have taken place during the same general time. These two families might have 
deriv巴dfrom a common stock、butthe available data do not support the prevailing concept that the 
Dasycladaceae are derivatives from the Codiaceae. A probable phylogeny of the Paleozoic Codiaceae 
is outlined along th巴 threemajor suites; (1) subfamily Garwoodioideae， (2) tribe Udot巴ae，and (3) 
tribe Halimedae 
Referring to the recent cytological studies by Feldmann (1946， 1954) and others， the author 
redefines both Gepps' subfamily収Udoteae"(Udotoideae of the pres巴ntstudy) and Pia's "Mitcheldean-
ieae" (Garwoodioideae) and recognizes four subfamilies in the Codiaceae. The major part of the 
fossil Codiaceae belongs to th巴 Udotoideaewhereas th巴 restmay properly be clasified in the Garwo-
odioideae. The subfamily Udotoideae is further subdivided into three new tribes; Udoteae， Halim-
edae， and Pseudochlorodesmeae. 
Introduction 
Among the fossil representatives of three major families in calcareous algae， whi'ch 
are conspicuous in the Recent tropical and subtropical oceans， the fossil Codiaceae (prac-
tically Udotoideae) have received but scanty attention for a long time， ifcompared with 
the other groups一一一Dasycladaceaeand Corallinaceae. The available information indicates 
that the family Codiaceae (subfamilies Udotoideae and Garwoodioideae)， like the Dasy-
cladaceae， have developed best in the quantity of the genera during the Paleozoic Era， so 
that the era seems to be the crucial time to analyz巴 thehistory of the Codiaceae. For 
these two main reasons， the study of the Paleozoic Codiaceae has been a major interest of 
the author's paleophycological study during the last many years. 
Fortunately， the project to review the geologic occurrence of fossil algae in a given 
geologic period， in which the author participated after his transfer from the University of 
Tokyo to the Colorado School of Mines， has made good progress r巴centlyCJohnson and 
Konishi，吠EarlyCarboniferous" (Missi回ippian)in 1956; Devonian in 1958; Siiurian in 
1959)， and has becom巴 aframe for the analysis of the history of the Paleozoic Codiaceae. 
However， the most serious di伍culty has been found rather in the foundation of such an 
曹 analysis; that is， the desparately independent terminology and understanding between 
吹paleophycologists" and 勺leophycologists". Almost all the fossil Codiaceae have been 
described as fossil fragments rather than plant r巴mainsby a t巴rminologyhardly under“ 
standable for the neophycologists. To restor巴 thistragic divorce， there seems to be only 
one approach at present which is， the author believes， to introduce botanical terminology 
and concept into paleophycology and to let the paleophycologists become familiar with 
th巴m. A certain confusion or misconception associated with this step may not be avoided 
naturally. But the harvests which will result from the cooperation with the neophycologists 
se巴m to be very important for the future of paleophycology. 
Thus， this treatment is designed toward three major aims ; 
( 1) botanical comparison between the Paleozoic and Recent forms of the calcareous 
Codiaceae， in respect to morphology， life. history， ecology， etc.， 
( 2) analysis of the historical development of the Paleozoic Codiaceae， and 
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( 3) establishment of a common classification 
of the Codiaceae. 
to both fossil and living m邑mbξrs
The material us巴dfor this is described under a s記parates巴ctionPart II in the 
forthcoming issue of this It i8 basεd on th巴 coll巴ctionsfrom North 
America and the Japanese Islands. A short revi日w of the historical consequence of the 
on the fossil Codiaceae is attached at the The taxonomy of thε R.ecent 
Codiaceae is now .in the procεss of revisionフ the Udotoideae in which a11 the 
calcareoU8 members of the R巴centCodiaceae乱ndalmost a1 of the Paleozoic Codiacea日乱re
included may be raised to 80 family rank as U doteacε80e in future. Therefore， thεtit1e of 
this pap巴rm旦ybεre旦d80S 代Studi日Sof Paleozoic U cloteaceae and 80llied 
The1'e are two kinds of the P8oleozoic calcar司色ousalgae which often 80re 
referred to the CodiaceaεThe and discussion of on日 ofthese two allies-一一
the ←ー丘reincluded in P旦rtIII of th巴 paper.
It 1S a gr記at 町 toacknowledge the hεlp of those who guided and assisted th巴
author in the field of pal色シ whichis stil probably the le80st lmown branch in 
p801己ontology. Above Professor Teiichi Kob旦yωhiof the Institut巴，
of and the present a5 a theme of the autl:IOr冶
work at the Institut巴、 andkindly offer巴dthe privilei':e of using laboratorv and 
1ibrary facilities dur崎 the The autho1' is most to him. The author' 
sincere thanks are ext台工ldedto Professor Em日ritusl Harlan at the Colorado 
School of I¥lIines who support巴dthe authorラswork at the Co1or・adoSchool of 
supplied the facilities of フand for thεpresent gav巴 valuable
advice and theιHe also took many of the photographs us町1for 
the text. The coHections undεhis at the Colorado School of as 
W巴1as those which now have b巴entr九nsfεrredto the U. S. G巴 Surv巴yatDenver 
criticaI sources for th邑 pr日sentstudv. Dr. Curt T巴ichertof th巴
u. S. has r巴ada part of the and lTlany 
inva1uab1e criticisms. 
Thεauthor is a180 for the kind assistance of Profes8or Arbo Ov巴 at the 
Univ色rsityof Os10 (Blindern)フ Dr.G. H. Elliott乱tthe Petro1eum. Ltd. (London)， 
Professor A1an W ood at of ¥，月lales Professor Bnmo 
Accordi at R.ome Univ己rsiti人 Dr.Riehard RεZ日k at the Shell Oil Devε10pm己nt
Dr Endo乱tth巴 SaIEaIn乱 フ andProfεssor Eme1'itus 
Hisakatsu Yabe at Tohoku who answered 3utho1'ヲsquestions， suppli巴d
va1uable informations， or pεrmitted the use of the precious specim巴nsunder their jurisdic-
t1On. 
The author's phycologicai background has been broad己nedby discussions with such 
distinguished phycologists as Professor Seibin A.rasaki at the ア ofTokyo， Professor 
Sokichi at ヲ ProfεssorMa幻NellS. at the 
University of Hawaii (Honolulu)， Professors Gεorge F. P証penfussand Paul C. Si 1 v旦 at1:he 
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Univ巴rsityof California CBe.rkel巳y入 ProfessorTakeshi Tanaka at Kagoshima University， 
Professor Yukio Yamada at HoklぐaidoUniversity (Sapporo) and Professor Jean Feldmann 
at Universite de Paris. Dr. Mitsuo Chihぽ a at Shirnoda Marine Bio1ogica1 Station 
乱ttacheι1to thヒTokyoUniversity of Educatiol1 collected the spe.cime.ns of Recent Galaxaura 
used for the present study. Nlessrs. Hara andSom丘、 forn:ler students of the 
Botanica1 Institute of the Univ色 o[Tolマopreparεd thin sections of Gala:xaura fastigiata 
for the pr巴sentstudy匂 underthe of Dr. Shunji i，九Tatariof the. Institute. The 
乱uthoris de.eply gra1日{u1to these. botanists for their help in this 
Along with Dr. Johnson's and al1tho1"8 o'.'1n collections， thc specimens ex:乱minedduring 
the p1'esent study include those which were eith巴士 01' lent to the乱uthorfrom the 
following American and Jap丘.nesepaleontologists， to whom the author extends many sincer巴
th乱nks. Withol1t th巴11' 己xtensive collections， this typ日 of study れ叩uldnot have been 
possible. They are 
Dr. Preston E. Cloud， J1'、 U.S. Geological Smv色y，
D1'. G. Arthu1' Cooperラ U.S. National Museum， 




Professor Emeritus Carl O. Dunbar、 Yal伝ラ N己IVHaven. 
P1'ofessor Em日1司itusJ. J. Gallow孔y噌 Indianl.University今 Bloornington.
Dr. Lloyd G岨 Henbest，U S. Survεv‘vvωbim:ton. つ C
Dr. Kametoshi Kanmera， Kyushu 
Dr. Edwin D. McKee， U. S. Denv記1'.
Professor Raymonc1 C. l¥;foor己ラ K乱n百九日 University， L日WTence.
Professor Norman D. New日1.Columbia Universitv. New Y川 lzp
Professor Ryuzo Toriyarna， Kyushu 
Dr. John L. Wray， Denver R在日巴乱rch tbe 仁)hio仁川1Cornpanyフ Littleton， Colorado司
Howe of the Missouri Geological 
autho1' to samp1e the collections in fleld work. 














to use‘ those at the 
Colorado Scho01 01: Mines， the Michi只anState UllIversity， Ea"t Lansinふ乱ndthe U. S. 
Geological SllTvey， Denver¥were most useiul particular tbnnlゅ aredue to Miss Madelと111ぜ
Gibbons and Mrs. Helen John8ton who assisted in 01対日lnlTIgmany J'are references 
through interlib了arvloan5 
The initial phase of this study ¥ovas supported by a grant from the 1¥1inistry of Educatiol1 
of the Japanes巴 Governmen1:フ andthεla1:er宅 andmajor勺 phaseWilS ，mpported by grants 
from the Colorado School of Mines， C01orado School of ]¥;1ines吾、oundatio九 Golden、andthe 
Japan Society， Inc.ァ NewYork. Th巴 grantfrom the Fulbright Program of the State 
Department of the Unit巴dStates Gove1'nment made it possiblεto continu巴 thestudy at the 
Colorado Scho01 of Mines during th巴 autho1"sstay in the United States. The author 
sincere1y thanks these organii¥ations and their stafI for the financial support of this study 
Finally， the author vvishes to dedicat巴 tbissmall treatise to the late Dr. JuIius von 
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Pia， the world's foremost 旬、;vhomwe owe much of our knowledge of the 
Paleozoic Codiacea巴
His抗日RcalRevi.日明Tof Stm::Hes of Fo出sHCodia<:ea合
〔ておhthsp巴Cl日1refεrence to those of 
The of our of the fossii Codiaceae and thεir a1lies i tself seems to 
be an suitable to make a sizable booklet. Th己 may be 
as the consequence of historical evεnt8 which have infiuenced the advancement of the 
V司rious of invertebrat色巴 this wiU be devoted to a 
review of the milestones o[ thεstudies of fossil Codi司ceaeヲ ratherthan 
b記causeof the limited spa己記 This discusses not only the P呂leozoic
Cocliacεae but旦Isoth巴 laterCocliaceaeo 
Lik巴 the ラ the group of considered乱sthe Codiac巴日e
was recorded as then laterラ b己causeof thεnat1江 eln 80nl巴
memb日rs，part 01 tbem wcre tr乱nsf己rredto the animal ラ and moved back 
to the plant The lossil Codiacεae hacl to pass the same 
Earlier m --The flrst record of Paleozoic Cocliaceaεmay 
be traceι1 back as巴 as1888ヲ iNhen Nicholson clescribecl て'Mitchelaeαnia ラヲ 乱S日
1νAへ，1一ichvvas 1ヨ丸r喝'over己d 一 Gユar山れ4可下:v，弓1、仰odt加obε pμ3メla山nt，ヲ 乱I口1c叶dpμl之札lce仁cl日n10口gth台 Codiacε乱e
Pia 巳 Therecord of Recent Codiacεaeヲ hO¥/¥T巴V巴1'， of the 
which are the a greaI 11乱nyyears befor記 this
fIrst record of the PョleozoicCodi旦ce旦e，
Thεeadiest 1'ecord of the best known ge口USof th色 can be 
found under the name of五、ertolarain the floral list of the 乱S
This is the same now called H， tuna (EIL et A simiiar 
which is to be seen in his hεrbarium in the British Museum， was later called Corallina 
Hans Sloane 1n 1760ヲ乱 nameSertularia owas pfOD02.ed 1v Luclv!Ir! in 
Bo巴hmel・'s DeL Gen， Plant. (p. anothe1' 
introducεd Hill ぅ日issue1773， p， 12ヲ pL3) two 
brevibω latis (= Halimeda and O. s， Rotundiorbis (= H. Ellis 
discussecl two forms from }amalca 110W knovvn a8 II 乱nd1-1 
them a1'ticulate cor乱linε。1-1i8co11εction ¥V8.8 1乱terdεscribed Solancl巴r(1786)タ
the flrst tlme， described the under 1:h己 binominalnam己 ofthe genus Corallina. 
FIe also rεferred the genus to the animai 且 becausεofth巴 calcareous ヲ or
even sugge8ted it to be "a linkεE立 thetwo !)日， 1901， p， 
1-2). In 1812， Lamourom三distinguish巴dsix of Cor，αlinαand巴stablish巴da new 
genus Halimeda， Howeverヲ hεstillfol1owed the animal concept and was "indined to be 
sco工nfulabout a celebrated TvL A. R who declares H. tuna to be a 
The firstとl巴finiter日cmdof th己 inclusionof F1. tunαin th己 undεr
the narne of l10rrnisus would seem to have been in an unpublished 
I-listorv of the Stu clies of F ossil Cocliaceae 
11:!ドl:[:JHil(:1i:;l:[Jhl:11:l
J1l:[:1il:l:[J1J〕i
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lllll l l:;ljl:lil l;
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of Tar引oni-Tozzetti. Bertoloni m巳ntionsthis and gave FL 
as a synonym ~)f his nam巴 FucusSertolem. NardoラsSerめJω'a(1834)， bas己don 5) 
Nardo (= H tur.占的， i5 1n 
toponym) of Seriularia 
conservation on l-lalirneda 
cl且ssical.....・"フ p
in 1901 
variant and hence a latεr hOH対lnym. W巴l!as 
p. tth巴 nomenclatural 
needs the formal arguments， since this genus is 
The genus was studi巴d Barton 
Thehrst fossil Halirneda record己dwas from the Eocene sandston己 01
Vienna under thεnam巴 ofFlβlirneda salうoriae 1894， p. Becaus色 the
fossil is ns asslgnment was later 巴
p. 164). Sεilacher ラ p.226フ 8，五g.7) is inclined to consider u as an lchno句
fossi1. Another fossil named Halimeda ど'eriwas described fwm th巴
Cret乱C己ous Liburnau J. Lorenz (1897). This later became the type of 
Lorenz's new 伊 nusHalimedides (1902). The Codiacean nai旧日 ofthis was 
doubted フ p. and Pia whether this fossil reprεsents 
rεrnaH1.sくPiaラ 1927，p. . A dε五nitefossil Halimeaa '01<1.5 thus lound in the I¥l[iocene 
reef lim日stoneof East sorneo Rutten (1920)， 乱ndlat巴rin the Eoc己主!e(or Mioc巴n巴)of 
Auv巴士81乱nof Hauteville and of Gaas MorεUet 
and Morellet (1923). Nc円vfossils of Halimeda are known to b巴 V巴rycommon in C巴nozOlC
strata th巴 andPaciflc. Sorn日 have beel1 described 乃ven
frorn the Cret乱ceousrocks C5、γ
The now knmvn as Penicillus Lam日.rckjs se巴nin Linnaeusヲ
ヨヲ p. under the na四日 of Coral!ina Penicillus. L乱rna主ck(1813)， the fa1her of 
mvert色bratε i.ntrodllced the genus Penicillus on the b乱sisof the 
from Corallin仏 on'which Lamotlroux p. establishecl 3 difierent gen日rlCn乱Ule
J¥Tesaeα a year before. Both ーしnnarckand Lam0111 むL1X Vleloε of the 
Nesaea was comnared ¥¥川1 Thi日立eI!erlcnan1e 
was pr日VIOUSI.y preoccupleCl tJy a g己nusof so that LamaτCk:;3 
Peniciltus hecame v品lid. Sev(う r~\l years later， p 
Penicillus as a 
Th巴 ofPeJ1icil!us 01' a very similar typ尽 ina fussil condition is clue to 
Munier-Chalmer什お77)。日e that l1nny of the fりssilsfてomthe ]、と ln
the Paci弓 Basin have bε己n included amnng the Foraminifεra 
authurs. Lam司了clどsOvulites from th日 Calc日ireGrossl色r 01 the Basin .were 
described as th巴T1.フ andFuraminifera 
penterヲ 1862). Muniεr-Chalrner sugg巴st己dthe synunym of Penicillus with Ovulites. Ovulites 
is common in the of England，ヲ North and 
the MiddlεEast. 
The genus Udoteaフ anoth己r rεuf the has a simil司r
to those of the The has been sincε1707ラ thoughat 
first confused with Pαdina Pαvonia (L.) Lamouroux It was in 
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Coraltina (El1i:3司ndSol日nder，1786、p In 1812， LamoUlりuxi:ounded the g己nuら
Udouツabased 0口 Corallina Ellis et 50land日， ancl p1ac巴仁1il: mnong the "Corallineae . 
a f日 of'PolァpiersC01乳llig色nesnon entierem行nt (Gcpp alld Gepfλ1911， p. 
100). Confusion began when he estab1ished another ne'0l [;，enus Flabe!laria to be a plant， 
日nd，in the very 11己主tP乱P巴raftcr his， Lamarck also introduc:ecl the sam吃 gen巴ricname for 
tb日 recognitionof two species of Comllina (G. conglutinata and G. flabellum)、 together
with some species now consi点目das Haluneda. L乱 ofcourse，ιonsidered his genus 
乱sanim日L For the details of this confusecl nりmencl日ture，refer to the Gepps' des但
cription (1911， p. 10Cト，101).Decaisll吃お乱ndCh日uvin indepcndently share the 
cOllclusiりntb札tCoral1ines including Udoiea are actu乱11y
Pia mentioned t1巴 possibility01 Udotea to be rock調forn.i叫ヨ alga(1926， p. 128--2ジク t巴xt四
五gs.ら5-56). He 1at目 compared his new subEamily IVIitcheldeani巴aewith this Recent 
genus and pointed out I:h日 cli首位己ncein growth habit (Pia， 1937， p. 786). Until recently， 
the fossil COL1n(己rp日rtsof this genus hacl nev巴rbeen fuund in the record日 p.188).
First 舟silCudiaceae 山 CornρarativelYforthology) :一-1'hefa且Jily
Codiac己乱ewas iounded by Zan乱工diniin 1843、 but the end of the 1ast centu工y，on1y 
Ovulites and仔alimedaフ whichare actnally J:~ecent gener札予!erer己Cり ωtbefossil 
repres己ntativesof the family 1'he tbiI司dfossil Codiac日間 thusmay be seen 
in the Cretac己ousgenus Boueina Toul乱 whichwas considerecl as a sponge by 
Gumbe1， Zittelヲ andother8; and its referenc己 toth巴 Codia.cea巴 shouldbe credited to 
Steinmann whos巴 contributionto the fossil Codiac日aeshould not be underestimated. 
Hεcompar己clBoucina carefully with 1-laluneda to v日rifythe Cocliac印 nnature of the former. 
1'h己 smneapproach was adopted PiD to validify the Codi旦ceall
1乱tur‘巴 tubuIarpanうnchym乱tOU5structure) of Palaeoρorella Stolleyフ 1898，ancl 
and b巴cametb巴 standardexamination i:o 乱nalyzeany fossil Co司
cliacピael_ιg. 1-:1件払 1927~， E.onishi， . The genω Boueina has becn known from th佐
Jmasslc and Cretaceous of the 1¥![editenanean， sOllth North Alllヒ andEarly 
of India. 
First F'aleo;wic Codiaceae and theu司 ι:anceas lunestone-contributors (works 
Pia and I-J，和一一一Thegenus Palωthus should bιconsidered as the 
凸rstdei1nit' Paleozoic Codiaceae ; th巴 g巴nU3was esLab1i日hedin the belief of its Siphoneae 
(Stol1Cyヘ The Siphone自己 at that time iucluded all th己 memb巨rsof non-septate 
f3ubordel' of th己 orderSiphonales by Blackrnan an d Tansley (1902). Pia's contribu tiOl to 
this genus日sw日1as the ol:he1' two similar g巴nerrJフ ι町 iizunand m，tdlヨclear
the natur己 offos:"il Codiaceae for the first anc1 pointed oul: the inlportance of them 
as potentJ旦1lirneston己べ;ontribul:orslike the Ordovician limestonピS of Scandinavia 仁Palaeo回
liInestone) and BelleroJうhon1imestone P巴nnian. Gytnnocodium lirnestone) of 
South Europe_ 
1'he typ邑 speciesof the genus GY1lznocodium Pia (1920)， Gyroρorella bellerophontis 
Rothpletz (189L1， p. 24，五g.4)， was 6.rst described as a dasyclad. 1'he existing records 
indicate that the same organism was Ol1ce mentioned by Gumbel (1373ラ p.36， 37， 40) as 
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a questionable bryozoa ; however， Pia (1912， p. 34) supported the dasyclad concept， until 
he realized the Codiacean nature in 1919 (cfr. Pia， 1920， p. 33-34). He proposed a new 
genus Gymno (= naked; without the outermost cortex) + Codium (a Recent Codiacean 
genus) for this plant. This Late Permian plant has been described from many localities 
of the Upper Permian limestones within the Tethyan sea. As the consequence of later 
research on the conceptacles commonly preserved in the alga by Pia (1937， p. 83(}-34 
1940) and follow巴dby Konishi (1952， 1954) and Elliott (1955， 1956)， the genus is now 
considered to belong to the Chaetangiaceae or their fossil family Gymnocodiaceae of the 
Rhodophycophyta， rather than the Codiaceae of the Chlorophycophyta. Furthermore， the 
genus was split into two genera， Gymnocodium (s. str.) and Permocalculus Elliott (1955)， 
and th巴 formerare restricted to the Upper Permian rocks， whereas the latter are from 
both Permian and Cretaceous. However， some authors stil place this plant among the 
Codiaceae. 
A genuine discovery of the fossil Codiaceae may be th巴 caseof Dimoゆhosiph仰
rectangulαris Hゆeg(1927) from the Middl巴 Ordovicianrocks of Norway. This genus is so 
closely similar to Halimeda in many respects that the early derivation and an evolutionary 
conservatism of the family Codiaceae seems to be beyond doubt. The alga played a very 
important role as limestoneゐuildersin the Trondheim area during the Ordovician. Later， 
H!teg (1936， p. 14-15， text五gs.4 and 5) cl巴arlydemonstrated the internal structures of 
both Palaeoρorella and Dimoゅhosithon.
Probable Codiacean Subfamiか:一一-Besidesthose fossil Codiaceae which have dendrotic， 
erect growth habit， like Halimeda and its Paleozoic and Mesozoic allies described above， 
there have been some other Paleozoic algae which have been placed among the fossil 
Codiaceae. As mentioned above (p.168)， the "anomalous organism" described by Nicholson 
as "Mitcheldeania gregaria" from C1 of Kershope Foot， Roxburghshire， South Scotland， 
became the type species of Wood's Garwoodia， which some authors place among the fossil 
Codiaceae. Wood (1941) clarified the mixed nature of theαgenus" Mitcheldeania and 
separated M. gregaria from the genus and proposed th巴 newgenus Garwoodia， basea on 
the species. 
Garwood (1914， 1931) and Garwood and Goodyear (1919， 1924) discover巴dthe signiι 
cance of this. as well as、othercalcareous al 
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1937， p.786). Pia (1926， p.52-53; 1927， p.39) considered them as Schizophyceae (Spalt-
algen) togeth巴r with Girvαnella and Sρhaerocodium. Then he later (1937， ibid.) 
transferred them into the Codiaceae， with the introduction of the new subfamily 
官在itcheldeanieae"to include them. At that time， the subfamily consisted of the Paleozoic 
genera. 
Later， another resemblant from the Triassic ot the Carpathians was included in the 
subfamily (Cα:yeuxia Frollo， 1938， p.269-71 ; L巴Maitre，1946， p.106-7). This algal genus 
has been known through al the Mesozoic rocks over the world. Ishijima's Kitakαmiania 
(1943， p.639-41) from the Cretaceous of Honshu， Japan， may possibly be placed in the 
same subfamily. However， there stil1 seems to be some reservation about including this 
"subfamily" among the Codiaceae (p.248). The group of the algae placed among the 
subfamily seems to be an interesting subject to study symbiosis or commensalism among 
fossil algae. Elliott (1957) introduced the family吹Garwoodieae"to replace Pia's Mitchel-
deanieae for th巴 invalidityof the genus Mitcheldeania. The subfamily should be read as 
Garwoodioideae by nomenclatural rule. 
False Codiαceae--S;ρhaerocodium Rothpletz and Mic仰 codiumG luck :一一一Thefossils 
named Sρhaerocodium should be discussed here， because this plant is th巴 firstorganism 
originally referred to th巴 Codiaceaeby the denominator even erroneously. The plant has 
b巴巴ncited as the example of the fossil Codiaceae improperly assigned. The genus Sphaero-
codium was first proposed by Rothpletz in 1889 without il1ustration， then discussed in 
detail with proper illustrations in 1891. Although Rothpletz (1891)特 comparedthe type 
species， S.bornemαnni， with Codium adhaereus Agardh， a Recent sp巴cies，th巴 vlewwas 
rejected by Seward (1898， p.160)， Pia (1926， p.52-53; 1927， p.38; 1928; 1937; etc.)， 
Hoeg (1927， p.13)， Printz (1927， p.311)， Fritsch (1934， p. 411)， and others. Pia (ibid.) 
interpreted that， for example， its Silurian species， S.gotlandicum， ismerely an aggregate 
of several species of Girvanellαwhich hav巴 differentdiam巴tersof the filaments. This view 
was lat巴lyvindicated byWood (1948) and Dangeard (1948) indep巴ndentlyclose to the Pia's 
interpretation. Maslov (1956， p. 27-28) has argued that some Recent representatives 
of the Schizophyceae or of the Chlorophyceae have cells of differ巴ntsizes even within the' 
same sp巴cies，and tha 
持Rothpletz(ibidふ Cayeux(1935)， Darrah (1939) and others placed ev巴nthe genus Gin'anella 
Etheridge and Nicholson， supposed Schizophyta， among the Codiaceae 
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the Pacific Islands (Johnson， The pres巴nt author exclud記s the genus from 
the Cα:liaceae and would compar巴 itwith the Hecent g己nus of the Chloro担
Genus Limnocodiu711 Andres from the Mioc:巴n巴non-marineb巴dsof Bavaria and 
Eocene non-marine beds of Ruttε， 1953 and 1955) resembles the 
prec:eding Miocen色 g吃nus(1'叫a記己フ andcertain authors consider syno11ymy 
b日tweenthe hvo. it does not sohTe the pwblem as to its a伍 Maslov
く1956ラ p. introd工lceda new IVJ:icrocodiac己aebased on lI!Iicrocodium. as a 
member alTl.ong the order of the ぺlyceae. 011 the c:ontrary， 
cert日inauthors argue for Ils 
Fort.iヲs is a fossil Codiaceae from the Palaeocen巴
How日Vεrフ th"， present author does 110t have any inform旦tionas to th日 genus，nor 
anothεr two Ascosoma Lorenz (1904) and Nlitscherilichia Lorenz 
(1904)ラ fromthe Cambr九noI China p. 85)。
the うeanContinωt ~-Until approximately the studies 
of the fossil Codiaceae wer巴工巴strictedto the Old particularly Europe-←一一 the
Paris Pyrrenes， British lslan仁l5，Scandinavians (including the 
and oth巴r80 Since then， the 8tuと!ieshave Ol1t over other 
to North E¥.m己nca ラ Rezakand Eliasヲ NorthAfrica 
Raineri， LelvIaitre，フラ and Eastern 8.nd IV[iddle Asia Y旦be，
旦ma， Heritschラ Ramo R乱0，フ Endo，Varma， Elliott， 
and the present author. 
Johnson's contributions to tl1e :fossil Codiac巴日ein North America were resulted in the 
introduction of i:wo 1己Vvg巴1巴raas well as the discoveries of North AInerican 
equivaient to those of Hisr1nchicodium フ 1946ラ p. has proved to be 
the and Permian 乱nd and has 
habit to some species of Udoteαwhereas the other genus 
and p. of th日 Cretaceous has b日日ntransferr己d1:0 th日aniInal
fossil }ohnson 巴da text on the in 
which he discussed the various genera of i:he CodiacezεHis c1assi五eation
included 似ラ砂 andli!IicrocodiuJ!fI among 1:h巴 Codiace前.
1n the U nion of S 
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biohernl-builder. 
Injiuence 01 .Pctroleum Indust1"Y (since 1945): ._~ As a new trend of petroleum 
explorationフ the oil industryヲsinterest in the carbonate r巴日記rvoirs，particulaly their relatioll 
to anciεn1: re己fmg，h，5 assisted the stL1Cly of fossil algae and， though indirectly， has giv巴n
乱 gr日atstimulus to the stucly of the fossil Cocliaceae in a way similar to th日tof "n:lIcro-
paleontology of Foraminifera" by the strong inflLlence of subsudace stratigraphy during th巴
last thirty-nv巴 years. Thusフmanynew Coch乱ceangenεra have been founclecl in connectioll 
with p巴tr01巴umexp10ration c1uring the last dec"de 
lくhvorova(1946) illtroduced乱 Pennsylvaniann巳wgenus Jvanoviα， a fossil Codiacean， 
frorn the outcrop as well as SUbSUI・facematεrial from the .tvIoscow Easin. Johnson and 
Konishi (1956， p. 97-.99) established Orthriosithon，乱 MississippianCocliaceae， frorn the 
subsurface material of Saskatchewan. From the oil fi巴lclsin the .1¥在idclleEast， Elliott (1954フ
1955， 1956， 1957， 1958) introduced two new Mesozoic Codiacean genera， Arabicodiznn and 
LithocodiuJlJZ ancl a new family Gymnococliaceae to embrace Pia's Gymnocodium and his 
own Perrnocalculus (1955). Elliott's work on fossil Codiaceae was ext巴ncledto propose a 
rrew name Garwoocli朗日 toreplace Pia's Mitchelcleanieae for the invalidity of the genus 
Mitcheldcania. His Lithocodium (1956) from thεLower Cノretaceoushas a p巴culiarincrus ting 
habit， although it has exactly the same internal struじtureas that of Haluneda. This genus 
may suggest the cushion-like mass of 品uimeda which grows attachecl to the rockヲ
乱lthoughthe species has the erect clenclritic habit in general. 
Very important information on the litt1e-known N orth African marine floras during 
the L日tePaleozoic was also obtained in connectlon with p日troleumexp10ration (Emberger， 
1958). Consiclerable m日terialusecl in the pre~ent stucly cam.e from s巴、 eralwc1Js in the 
Mid-Continent ancl Southwest 01 the Unitecl States. 
A prominent trencl in t1巴 studies of fossil algae is a仁lemandfor己cologicalinformation 
to be supplied SL1ch stuclies，乱lthoughmost of the resL1lts of thes巴 stl1dieshavc not been 
publish巴仁l. A few examples rnay be seen in Anderson's works 01 the Lower Carboniferous 
of England al1d Scotland (1950) ancl 01 the Great Estuari巴Sof Englancl (194 
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harvest of Horal studies from many neV¥T localities 1950， 1952， 
1957 ; and hav巴
a gγoup 01 ambitious 
stur1ics. 
did not wait uロtilthey 1巴arnedfrom 
As in the case of the Bikini resurveyフ anumber of from the 
Am巴ncaロ I¥!Ius己um01 Natural フ Columbia ラ andHU11l.ble Oil <Ind 
under the directorship 01 N己wellhave stぼ teda cardu1 3urvey Hrou:nd 
the Bahama Banks to analvze th色 exampleof reef ecoloRV in Rec巴ntseas. The results of 
this 司
1953 ; Newel1 and 
(e. g・， Nevvellヲ el
1955; Newell and 1957; Newel1 and othersラ
the Florida another site of the .Rec日nt a similar type of worl三 hasbeen 
and Lowenstam and 
under the of the She11 D巴 Comp日ny. These contributions are mωt 
in10rmative to the paleoecological studi巴5of fossil Codiaceae号
，Prese1/zt αnd irends:一一-Yet the s巴archfor the Paleozoic Codiaceae is not 
restnc1巴dto the above-mεntioned sL1bsurface carbonate studi巴Sラancl日
The traditional studi巴Sof outcrop s旦 willcontinue in the future， ln the 
for the fertil日 penof Endo is great contrihutiuns to 
our knov，rlεabout the Late Paleozoic :Horas uf the islands. He has est託b1ishedtwu 
new genera in仁odi旦ceae--Hihorocodium p. 127) and Neoanchicodiurn p 
203)←ー-and has fuund spεCl日sof A符chicodiurn(1951， and Garwoodia 
The present author recognized a n日wCodiac巴angenusJ S'uccodiurrt p. ヲ
in the lat合計 Permian01 Japan， which resembles very the genus Halimeda. He alsu 




verined the distribution of the in thεSa1t 
1948 ; Rau and po 市 Rezak のdescribed
乱ndG. Pis from the Perm.ian 
of Saudi Arabia. G. L. describ巴dthe extension of an 
Codi旦cea in the Vise日nand Namurian of the British Carbonif記rou8rocks. 
The Devunian has 
of calじareOl1S 1940; 1二onishiフ 195)き). Nl:aslov's r巴C巴ntdiscoveries of 
many genera of Ifom the Devonian of Cen tr吋 how巴Vtう1二C巴 have
broken this jJI百 among He p， introduced 
two dεii.nite Codiacean genera a11d two doubtful on巴s. 011e of t.he doubtful genera，ぽlled
seer工ISto be identical with Coelotrochiu111 Schluterヲ 1879ラ 可明wべ'V占hichh白乱tS bεen 1
1m 
Litania l'v1aslov jJ， seems to be a Codiacea. 
After thus r巴callingthe milestonεs in the of search for the fossil 
the ar日asof to be旦tt司ckedby future students should be mentioned as th日 conclusiol1
of this review. The will help to advance the of this 
known group among the fussil calcareous 
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1. The urgent comprehension of botanical morphology of the fossil Codiaceae in the 
light of the Recent Codiaceae necessitates the usage of qualified and， ifpossible， standardized 
terminology. Above al， the understanding of the plant nature of the fossil Codiaceae in 
terms of growth habit， types of reproduction and， morphogenesis vegetative construction， 
etc.， are important. 
2. The critical survey on the ecology of the Codiaceae in Recent and ancient oceans 
would be an important undertaking. A study of this type should be most e伍cientin the 
collaboration with neo・ecologists，both botanists and zoologists， and paleoecologists. For both 
Recent and ancient materials， a statistical quantitative-analysis， which was once ignored by 
botanists， isneeded， since only such information will be applicable to the g巴ologicproblem. 
This paleoecological study which is the basis of biofacies analysis has been a very important 
target in connection with oil exploration， and will be continuously emphasized in future. 
3. A concentrated s伺 rchto collect fossil algae in areas where we have no knowledge 
of fossil Codiaceae， though certatin data suggest a potentiality of their occurrence， would be 
helpful， especially if particular emphasis be placed on South America， Australia， South and 
C巴ntralAfrica， Siberia， China， and so forth. The significance of subsurface material may be 
emphasized for this type of survey. The information obtained may be signi五cantnot only 
as a paleoclimatologic study， but also as a potential source for the discovery of completely 
new exotic or unique floras. 
4. Use of the trial and error method to examine the applicability of the Codiacean 
species as a m伺 nsof dating and of correlating strata has been one of the major aims of 
stratigraphic paleontology from the beginning of g田 logy. As far as the Codiaceae and other 
calcareous algae are concerned， itis a good policy to check the available conclusion with 
other organisms， so that we generally have much well-defined control. 
5. It may take a long time before we can visualize the picture of phylogenetic relation-
ship among the fossil Codiaceae， though this is the ultimate purpose of the study of the 
family. To approach this subject， an extremely detailed morphological analysis based on the 
carefully collected sampl巴ssuch as inch-by-inch inspection in the field to trace a. small 
amount of chronological variations may have to be done. Again， th 
Morphology 
The thal1i of the family Codiaceae，吠comprisingeighteen Rec巴ntgenera， display great 
morphological diversiけ， ranging from the sparsely branched， loosely filamentous thallus of 
Chlorodesmis to the compact pseudoparenchymatous organization of Codium (Text-fig. 8) 
and Rαlimedα(Text-fig. 3)" (Egerod， 1952， p.337). The family， however， is characterized 
by a unique internal structure， the development of the thallus of the Codiaceae merely 
involving the enlargement and ultimate ramification of the primary filament to produce a 
thal1us of diverse and usually definite form without the advent of septum formation ; that 
is， the siphonous nature! 
The filaments branch dichotomously， trichotomously， or verticillately. The dichotomous 
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Text-五gure1 Various growth habits of Recent Cocliaceae 
A. Rhipilioβsisβelta Gepp et Gepp: Port Phillip Heacls， Australia. (natural 
size) 
B. Rhitidodesmis caestitosa Gepp: Ceylon. (natural size) 
C. Avrainvillea lacerata J. Ag. var. robustior Gepp et Gepp : Singapore， Malaya 
(x 3/5) 
D. CalliPsyg削aWilsoni J. Ag.: Port Phillip Heacls， Australia. (natural size) 
E. Boodleopsis siρhonacea Gepp et Gepp ; compar乱tivelysimple main axis (m. 
a.) ancl the multitucle of intricatecl ramelli which arise from its few branches : 
Muaras reef， East Inclies. (x 8) 
(All the五guresare from Gepp ancl Gepp， 1911; A， pL 14，五g.118; B， pL 17， 
fig. 141; C， pL 13フ五g.108; Dラ pL17，五g.144; E， pL 17，五g.147) 
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Text-五gure2 Growth habit of Halimeda 
Halimeda gracilis Harvey f. lata Taylor: Holes and op巴ningson reef 
along west sid巴 ofSaipan. (natural size) 
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branching is repεated eith巴rln on巴 andthe same plane， or in alternate planes (Gepp and 
G叩p，1911， p.3). Two typ巴sof lateral outgrowths on main 五lamentshave been recognized 
(Gεpp and Gepp， ibid.): (1) papillae or short prominences and (2) stalked appendages. 
Papillae are borne on the front and back surfaces of the filaments and not on their sides 
(T巴xt-fig.4); they are not calcified at their apic巴s，and probably serve either as osmotic 
channels between the cytopksm and the sea water or as windows in th巴 opaquecalcareous 
sheath. Appendages are bo工ne0ユthefilaments in similar manner to thc papillaε， but often 
bJurcate or even trifurcat巴 andalways pointed. The filaments are often arr且ngedin close 
whorls (Textιg. 4). 
Many gen巴raof th巴 sU:JfamilyU clotoicleae are characteriz巴clby the calcified thallus. 
The calcificatIon is in the fo;-m of aragonit巴 (p.190). The calcareous matter is deposited 
in thεgelatinous layers of th巴 o-~ter wall or membrane， pen巴tratingalso into the cellulose 
inner wall. There ar巴 twomodes of calci五ication;(1) the filaments are enclos巴de且chin 
a porous calcareous sheath and are either fr田 orlaterally c巴mentedside by side or even 
mor巴or1巴sscompl巴t巴lyconglutinated together， and (2) the apices of the simple or branched 
lateral appendages of the main filaments are arranged to form a cor吋-t加
and are lat旬eral日lyc∞oh巴rentinto a cつユt札1工立1コouslayer， and the laterally cohering walls are 
thicl記 n巴dby a calcareous clepコsit. Tl-ns，ょ1th巳 lattercas巴， calcification is generally stronger 
in th巴 corticalpart than the medullary part. 
Within the cytoplasm are situated many smallフ disc-shapedchloroplasts which， in r:ost 
genera， lack pyr巴noids. Howevcr， some gene二五 (those placed in the Udotoideae， see p. 249)， 
have special 1巴ucoplastsin addition to the chloroplasts， and the st且rchin these algae is 
formecl solely by the 1日ucoplasts，th巴 chloroplastsbeing 担ntir巴lyfree from starch (Iyengar， 
1951 in Smith et p. 36). The nuclei lieラ asusual， int巴rnalto the chloroplasts. The 
memb:-ane (cell-wal1) cO:1sists in the main of callose and pectin， although the thickenings 
at the constricted point contain cellulose 
The major portion of the thallus is vεgetative， and the formation of the reproductive 
Text-figurε3 Internal structure of Halimeda segments 
A-B. Halimeda 0戸untiaLamouroux; A. Longitudinal section of a cylindrical internode: (x 24) ; 
B. Transverse section of a young internode: (x 40) calcified part is designated in white. 
C. Halimeda sp. section of an internode with medullary filaments : Mariana limestone (Pleis-
tocene)， Saipan. (x 25) 
D. Halimeda sp. section of a leafy internode nearly parallel to the flat surface with cha-
racteristic utricular structur巴 Mari乱nalimeston巴 (Pleistocene)，Saipan. (x 25) . 
F. Halimeda sp. ; long section of an internode perpendicular to the flat surface showing medulla-
ry filaments from which五nercortical utricles are giving 0任 perpendicularly Tagpochau 
lim巴stone(乱1ioce田)， Saipan. (x 25). 
E. Hcdimeda sp. oblique section of a fragmentary segment showing medullary五lamentsand 
五nercortical utricles: Borehole 2， depth 1，900' (Miocene)， Bikini. (x25). 
(A日B，St巴inmann，1901，五g.12 & 13; C， J ohnson， 1957， pl. 56，品g.3; D， J ohnson， 1957， pl. 55， 
五g_5; E，Johnson， 1954， pl. 197多五g.5; F， J ohnson， 1957， pl. 44，五g.6). 
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uni ts is confined to small special portions of the coenocytic thall us (se巴 p.196). 
RECENT FORMS~Th巴re are sev己raldiffεrent growth forms r巴cognizedin the Recent 
gen巴raof the family. But only the groups belonging to the subfamily Udotoideae， the lime-
5日cretingCodiaceae， hence likely to be preserved as fossilぅ willb巴 discussedhere目 The
subfamily embraces four calcareous Recent genera --Halimeda， Udotea， Penicillus and 
Rhitoceρhalus. Genus Tydemania is also calcar巴ousalga and was placed by the Gepps 
among their subfamily Udoteae， but excluded from the present discussion because of the 
recent work by Feldmann (1946， 1954; also see p. 208). 
Halimeda.一一一 InHalimeda， vlhich res巴mblesvery much some Paleozoic gen巴ra，the 
branched thallus is composed of a number of usually 合計 (often cordate or reniform)， 
strongly calcified internodes (= segments)， which are separat巴dby uncalcif1ed nodes (= joints) 
and aris巴 froma short basal stalk attached to the cr巴epingrhizoids (T巴xt-fig.2). Each 
internod巴 consistsof a central m巴dullaof longitudinal， rather narrow， interwoven， forked 
m巴dull旦ryfilaments， and a periph巴ralcort巴xof large， club-shaped utricles dens巴lygrouped 
at the sam巴 levelto form a pa!isade layer (Text-fig. 3). The utricles stand perpendicular 
to the medullary filaments 旦ndtheir ul timate branchlets (= cortical utricles) swell up and 
became closely adpress巴仁1to one another to form a very compact surface with hexagonal 
facets. The lime is deposited on the side walls of these facets， th巴 outersurfaces against 
which th巴 chloroplastslie being free from incrustation. 
Udotea. --The thallus of Udoteαis charact巴rizedwi th th巴 on巴 stipitated，with fl.abel-
late blade (=frond) anchor巴d basally by a singl巴 lobed holdfast or by an irregularly 
branched， creeping rhizoidal syst巳m. The stipe is monosiphonous or polysiphonous. The 
blade is monostromatic to pseudoparenchymatous， composed of 五lamentsthat are repeatedly 
dichotomized， occasionally ev巴ntrichotomizedラ papillatedand anastomosed， joined laterally 
or remain free from one another， all more or less parallel (Text-fig. 4). The filaments ar巴
sometimes smoothly fusiform or constricted. According to the structure of the f11aments， "the 
genus may be divided into two groups; (1) one th巴日laments are desti tute of la t巴ral
appendages，且nd(2) the other they bear lateral app巴ndageswhich vary 
Text-figure 4 Genus Udotea 
A. Udotea verticillosa Gepp et Gepp : habit of plant; .West Indies. (natural size) 
B. Udote沼 javensis(Montagne) Gepp et Gepp consisting of monosiphonous stipe and mono-
stromatic frond: Sankapura， Bawean (x 17) 
c. Udotea indica Gepp et Gepp; portion of frond in surface viewラ showingdistribution of 
papillae， thes巴 3reformed 0口 theouter surface only of the superficial五lamentsof the front; 
thr巴e五lamentsare raised and turned back to show the absence of papillae elsewhere at the 
same time reveal th巴 obliquecrossing of the五lamentswhich constitute th己 frond;Kurrachee. 
(x80) 
D. Udotea iうapillosaGepp et Gepp; portion of dichotomous filament from base of proliferation， 
showing whorls of obtus巴 ortruncate papillae: Sankapura， Bawean. (x 120) 
(A， B併rgesen，1913， p. 104; B， Gepp and Gepp， 1911， pl. 5， fig. 36b; C， Gepp and Gepp， 1911， 
pL 6，五g.53; D， G巴ppand Gepp， 1911， pl. 5，五g.38.) 
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species" (Gepp and Gepp， 1911， p. 103} The blad邑 issometimes concentrically zoned， and 
sometimes longitudinally striate or rugose. The margin， or ev巴nthεfrond itself， may be 
more or less de叩lylancerated. Th巴 corticalcov巴rageof the blade occurs in certain 
species and varies in character且ccordingto the shape of the lateral appendages. 代The
diameter of the五lamentsvaries with the speci邑sfrom about 25 f1 to 100〆， (Gepp and Geppラ
ibid.). Most of the species of this genus deposit lime around the filaments， but there are a 
few sp巴cieswhich do not precipitate lime. Som巴 speciesbehav巴 asthe lime-dεpositor at 
certain locali ti己sand as non-limιdepositor旦tdi妊erent loca1i ties 
Penicillus.←一一Thisgenus has a di妊erentgrowth habit. Th巴thallusconsists of rhizoids， 
stipe， and capitulum (T己xt-fig.5). The thal1us starts from a felt of branch巴drhizomes. At 
五rstthese produce separatεupright filaments of the usual type which later unite to form a 
calcified stipe showing a well-marked di妊erentiationinto central medulla and cortex. The 
main五lamentsdev巴lopnumerous lat日ralswhichヲ inpart， wind transversely between them 
and bind the whol巴 togeth町 Thestipe is generally terete in shap久 andbranches dicho-
tomously in some species， whilεeach branch may bear a captulum. At the apex of the 
stipe the m己dullary五lamentsseparate to form captulum， a brush-like tuft of r巴peatedlyforked 
filaments which are constricted in a moniliform or bead-like mannεr at intervals as if they 
were septated or segmentedぐText-fig.5). 吹Thesuccessi v巴 dichotomiesof the filaments 
always lie in alternate planes， th邑rebydistinguishing Penicillus and Rh争oceρhalusin which 
the dichotomies of the comal filaments lie in one plane" (Gepp and Geppラ ibid.，p. 71). The 
calcification occurs on stipes and the filaments of the captulum. Some species have v己巧r
slightly calcified filaments. C丘pitate五lamentsare borne upon the main五lamentsand these 
tεrminal swellings or ramifications coher巴 togetherto form a continuous cortεx covering the 
surface of the thallus， tubular or frondose. In most species the main五lament日目hibitmore 
or less frequent constrictions， especially near the points or branching， which are commonly 
乱舵ccωompam民巴dby a loc悶aliz民edthick王記叩巴匂ningof t白h巴 C印巴l日l
Rh ψ oceゆρhalωus. 一←一τ he thallus 0ぱft出his C 旦ribb ε an g εnus broadly res ε mbl 巴邸s t巾ha
Text-五gure5 G巴neraRhiPocePhalus and Penicillus 
A. RhipocePhalus phoe持ixKutz. f. brevifolia Gepp et G巴pp; calci五edflabellule; the五laments
ans巴 byrepeated dichotomies in the same plane and are laterally connate : Bimini， Bahamas. 
(x 10) 
B. RhiPocePhalus Phoenix K也tz.f. longiofolia Gepp et Gepp; habit of plant: Key Westラ Florida.
(natural size) 
C. Penicillus capitatus Lamarck f. typica Gepp et Gepp ; habit of plant : St. Thomas， West Indies目
(natural size) 
D. Penicillus nodulosus Blainville; comal五lamentshowing moniliform constriction; a， point of 
clichotomy: Fremantle， West Australia. (x about 25) 
(A， Gepp and Gepp， 1911， pL 21，五g.185; B， Gepp and Gepp， 1911， pl.21，五g.187; C， B世rgesen，
1912， p.97; D， Gepp and Gepp， 1911， pl目 20，五g巳 174). 
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V旦riablein 旦nd is composεd of ascending and imbricating， monostromatic， f!abellae 
which aris巴 asbr乱nch色S of th己 mainfilam巴ntswithin theε. Th色 filamentsof the 
fl.abellae are divided dichotomously， at first quite short， then at gr巴at巴ror vastly increased 
distances， but in one and the same plane， diminishing in diameter at each dichotomy. 
(TεThesεcomponent五lam記nts are parallel， being eithεr laterally coherent 01' 
巴dbut free and Gepp， p. 91-92). The calci負cation occurs己xternal1y
on stipe and very f己ε.blyon fl.ab巴llae.
FEATfJRES PRESERVED IN PALEOZOIC FORMS.一-Thε fossiliza tion of the thalli 
of the Codiaceae isヲ inthe first place， controlled their o1'iginal structural construction 
and the degree of calcification. The calcified portions may be physico.chemically much more 
resistive than the uncalcified portions， 50 that thεformer has a primary chanc巴tobe pr日served
出 fossils.Th巴uncalci五edparts as well as th巴jointsor constrictions of th色calci五εdparts become 
mechanical1y weaI王pointsof the thallus when it begins to disintegrat己 intoparts. It is true 
that most fossil Codiacea巴， as the product of mechanical disintegration and chemical dε 
composition， are found as the broken pieces of the thallus or thalli. The articulated thallus 
of certain fossil genera or possibly similar・tothat of Halimeda 
may be disarticulated into each internode or a series of internodes， or perhaps broken into 
pieces of an internodεThe constricted五lamentsof capitulum of an alga like Penicillus 
may be fragmented into cylindrical or ovoidal pi巴cesbroken at the constricted points (cfr. 
Cenozoic g巴nus The thallus of乱nothertype of fossil Codiaceae similar to Udotea 
一一thosePaleozoic genera as Ivanovia， and possibly som巴 others
Text-hgure 6 Electron photomicrograph of、ragoniteneedles" from west of Andros 
Isla日d.(x 20， 000) (Newell and Rigby， 1957， pl. 16ヲ五g.2) 
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as Garwoudia and Orlmwlla一一一maydet口仁hits slipc日mlfrけncl日t ，md each 01' thetn 
mλy bc fractiOflr;cl iD 1:0 pieces 同fo1'ヒ th日yare fossi lized. Furthermo1'e‘the diagenetic process 
ancl biologic destrucl:iol by oiher marin日 organisrns，particularly Schizophytaヲ mηyobscure 
the illternal structure witbin thes己 "par旬、、 ofthεtballus. 
As the extreme case of tb己 disinte!2:ra t巴dfossil Codiaceae. I:h巴乱ra.<;!ひnite needles ._-i:wo cコー ラ
to 111n巴 fI i1 length ancl about one. half (1 in diarneter (Text.五g.6)一一-fυuncluncler the 
quiet tropical seas， may b己 mentioned(Lowenstam， 1955). The simil灯、 jfnol: identical， 
ar乱gonite needles h乱V巳 beenfouncl 日 theawgonitic colcificatIon (p. 190) of thιspecies o:f 
the U dotoide<Je (Lowcm、tar日，ibirl.， l. X 
But these neeclles may have 1:0 be exclud巴d fro日1. tbe COll venLioual paleontograpbic 
studies， inasrnuch as they a1'eぺnth己 fo1'm of morphologic旦llynon.iclenti五able五necaτbonate 
(Lowenstam and Epst日11フ 1957フ p喝:365)、 andthey may have been clolomitizecl il1 fossil record. 
Tbe fragments of the fnssil Cocliace丘己 may generally represent only the 引molcls" of the 
original plant tb臼1m;， since the uncalcified 50ft part (=algal filament日，)is observ己donly as 
the rnolds within the calcifiecl hard part (= originally precipitatecl calcium carbonates). Not 
uncommonly勺 howeverフ thealgal五1mヌJ.entspreserve their 11日mbrane呂、 80that thc distinctions 
呂町lOng(1) tb日 originalalg乱]五lam日1tfiJled with cytoplasmョ (2) itc， membrane (celJwallλ 
乱nd(め the pr吃cipitatedcalciul1l 仁川bonatesurrounding the lTl日mbraneare easiJy recognizecl. 
1n spite of the incompleteness of the fossil Cocliacean records mentionecl above， itis 
theoretically 1110st clesira日巴 tocompare th巴乱llatomico1as well as l1l0rphological features o:f 
th巴 Rece11tCodioceae with the fossil Codiaceae el1d to apply the tenninology of thεformer 
to the latter. There sho111cl be 10 di vorcp between neophycology ancl pal巴ophycology 80 far 
as terminology is concerlled. SeVlor旦1examples oI the typical fossil genera may be illustrated 




，(0 Lowenstam and Eps!巴in(1957， p.;(;5) c (lmicl'~rec1 thal "this r己l110vesthe difficulty 01 accounting 
for the app旦rent a L，sence り{ th巴selyp'2s 01 algal re口laU1SI Pγeぉ巴ntand fosちil ca1'bon乳tes."
However， some authors (e. g. Newell叩 CIRigb;ら 1957，p. 61)もelievethat algae e¥J巴 tooscarce 
in the mucl旦reasto supply 1108t 01 the sediment." New巴I ancl others (1959， p.223) also argue 
tha t the average sa 1iτlIty given in the basic assumption 01 LO'¥'lenstam ancl Epsteu/s calculation is 
high ancl the change of thi品 valuecan altel" the conclusion to il10rganic origin. 
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genera. These fossil genera may be compared with some non四calcareousRec巴ntg日nεraof 
the subfamily Flab己llarioidea巴.
Succodiurn and Halimeda一一 Like Halimeda described 
above 182)ラ theOrdovician 〔日。 1927)フ DevonianLitω1aia 
1956)， and P巴rmianSuccodium (Konishiラ arecharacterized with their "dendritic" 
growth habit with calci五ed which are terete and jointed at uncalci五ednodes 
Another Early Palεozoic genusβorellα1893) is consid巴redto consist of 
unsegmented thallus. A fairly simple differentiatIon of medulla and cortex is in 
and the Devonian Litaηωαwh巴reasSuccodiurn has much advanc巴dconst 
ruction of three elements， (1) medull乱フ (2) subcortical 18.yer， and (3) outermost 
cortex. The medulla is of ramified fl乱立lents，which 8.re 8.8 
thick as those of Halimeda in 同osかhonand but much thinner in Succodium. 
The cortex is compos己d of utricles which give off perpendicularly from the medullary 
filaments. In Succodium the utricles are once swelled as subcortical dilation， from which 
much thinner， ultimate cortical utricles ar巴 of to百九アardthe surface of thalluso A similar 
feature was observed sometim巴sln 伐 also，by H俳句ヲ p. No g8.m巴
comparable with those of Halimeda have ever been in these Pal記OZ01C
genera. 
and Udotea. 一一~The first three Paleozoic gen巴ra
may bεcomp8.red with the Recent geロusUdotωin respect to the internal construction of 
the thallus， 8.8 well as their habits. Th日 tha11us is of the blade (s) of 
variable shapesラ whichis anchored with either a or a rhizoid. The blade may be 
eith目印rticulatedas in Anchicodium and Iv側~ovia 1946)， or 
rnonostromatic as in (Schvetzov and Birina， This 
whether monostromatic or is of the 品crank or two subdivisions 
within the genus 182). In the Carboniferous genus the blade 
con8ists of五 whichare on the same one plane. Ivanovia 
h8.8 simpl巴rconstruction than Anchicodium. It has tl旧日imple 社teral
off from the medulla on both sidesヲ whichpres巴rves110 structural 
Text-figure 7 Various forms of Paleozoic Codiace乱巴.
A-C: Cylindrical form (Halim巴dea巴 ofUdotoideae) exernplified by Du河orjJhosψhonrectangula何
H:beg; 
A. Probable growth h8.bit (natural size) a. s巴parateinternode . 
B. Transverse section (x 10) 
C Longitudinal section (x 10) . 
D-E: Blady form (Udoteae of Udotoideae) exempli五edby Calcifolium ok四 seShvetzov et Birina 
D. Probable growth habit (x about 12) ; 
E. Tr凡nsversesection of a forking， blady thallus (x 10) 
Fo Longituclinal sections of a bl乱dythallus (x 50) 
(D-E， J ohnson， G. L， 1958， p. 154; originally from Maslov， 1956， text-hgs. 7a， 7b and 9a ; Fフ
Maslov， 1956， pl. 8，五gs.1& 3) 
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dεtails， due to uncalcified natur巴 wher色乱sEugonゅん 241)has the latεral appendages 
papill旦tedfrom the medullary filaments running parallel to the surface of the thallus with 
th巴 d日velopmentof anastomosing system. The medullary五lamentsof Anchicodium are for 
thεmost part much thinner than the lateral appendages園 Sometimes，very tiny outermost 
cortical utricles are discernible， and are given off from the lateral appendages and open to 
surface (Endo， 1951， p. 126-27). 
Lime.Incrustation 
Lime.incrustation is considered to be one of the charact己risticsof the subfamily U dot. 
oideae of the family Codiaceae and also the m且jorreason why some Paleozoic Codiaceae were 
preserved as fossils. 1n Halimeda， (Tables 2 & 3) the secretion of limεgenerally starts very 
early in certain parts of thallus， soon after the complete formation of the nodes， and the 
deposit increases with age， generally distally. 1t bεgins on the outer surface of the side walls 
of the utricles and soon spreads over th邑 entirespace between th巴m. Certain parts， however， 
remain uncalci五巴d，such as the outer surface of thεutricles and in most cases the adjacent 
portion of their side walls. 
As in thεcase of other lime.secreting algae， "it is generally assumed the rεsult from 
utilization of carbon dioxide in photosynthesis， with consequent rise of alkalinity to the point 
of CaCo3 insolubility …・固 But many algae， with photosynthetic rates apparently as high as 
those of the lime depositors， live immediately adjacent to them and show no calcification" 
(Blinks， 1951， p.265). Thus， the lime.incrustation might have some relation with a phyloge. 
netic problem 
Aragonitic Nature.一}吠InCodiaceae like other Chlorophyceae and Phaeophyceae， and in 
the ord己rNemalionales of the Rhodophyc四 e，the calcium carbonate is aragonite， while in 
the Cryptonεmiales and in the lime-depositing blue.green algae (at least in fresh water) 
only calcite is formed (Meigen， 1903; Prat and Glasnerova， 1937; Lowenstam， 1954)" 
(R邑velleand Fairbridge， 1958， p. 261). The aragonite is found in the calci五巴dwalls of 
the Codiacea巴 inthe form of needles， which "are usually arranged to form int巴rlacing
mats. Crystal dimensions of the needl巴srange from two to nine microns in length and 
about onιhalf micron in diameter" (Lowenstam， 1955， p.271). 
SrC03 and cnjC12一一一Accordingto Chave (1954， p. 281)， "the aragonitic forms~­
Hαlimeda， Penicillus (both Codiaceaε)， Acetabularia (Dasycladaceae)， Galaxaura， Liagora 
(both Nemalionalεs)， and others--.contain about 1 per cent magnesium carbonate， as shown 
by Clark and Wheeler (1917)， (while) the calcitic forms (Cryptonemilales)…… contain 
a wide range of magnesium valuesヲ extending from 7 to almost 30 percent magnesium 
carbonate" (Cfr. Table 5). 
寸 heSrC03 content of the aragonitic green alga Halimeda， is high， about 1. 3%， ac-
cording to Emeryラ Tracey，丘ndLadd (1954)， while the calcified red algae have only about 
0.35 percent SrC03" くRevell巴 andFairbridge， ibid.)吠(However，)recent analyses by Lowerト
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stam gi ve SrCO'J val ues up to 2. 3 pe士cent for green algae (aragoni tic forms)-....." (Revelle 
and Fairbridge， ibid.). 
Craig (1953勺 1954) measur噌日d the Cl'l/02 ratios in th巴 organic tissues and calcium-
carbonate hard parts of th巴 generaof aragonite-proclucing green algae， 11"alitned仏 Penicillus
(both Codi丘ceae)ancl A cetabulariaぐDasycladaceae). 1n the aragoni t巴 produじers，the calcium阻
carbonat巴 ¥v-as巴nricheclin ClJl乙COITlpar巴dwith those in calcite producers). 
Thusフ there s己ems to exist some correlation betw白 n the aragonite-precipitation and 
MgC03 cont巴nt(relativ巴〕ラ SrCOscontent (relativ巴)ancl Cj:j/C12 ratio. Becausεthe Codiaceae 
(U dotoideae) are ar且gonit巴-clepositor呂田 mentionedabove， the author examined their fossil 
repr巴sent乱hv巴sto an日lyzea diag巴neticchange of the compositions as well as to test the 
valiclity of the ch日micaltaxonomy of fossil， compared with the convεntional morphological 
Tablε2. MgC03ancl CaC03 in Some 1ialimeda (illガ ofash resiclue) 
山 Mg叫|山 lhcal町 Reference
a応
出 limeda仰 ztia 0.64 98.73 I Red Sea D…r， 1851 
0.62 ¥ 99.21 Florida， 240N 82"W ¥ Clark anc1 Wheelelフ 1922
1 () . 60 1 86 . f:i伊 1 I'ur凶 utiAtoll， Ellice Is. 1 Skeats、1904(See Royal 
80S 178"E Society of London) 
5.50 I 90.1伊 Martinique Payen， 1843 
Yalimeda simulans 0.44 98.45 Puerto Rico， 180N 66'W i Clark and Wheeler， 1922 
正ialimedatridens 1.09 96.21 
Flalimeda monile 1.04 95.58 11 
!-f alimeda sp 1.39 98.引〕 Funa:tuti Atoll‘Ellice ls. 1 Cullis， 1904 (See Royal 
8"3 178'E Society of London) 
件 Possiblyin p巴rじentof dry matter. 
(¥liI10日間dov，A.P.ラ 1953、The elementary chemical composition of marine organisms， i¥1ernoir 
Se乱r8FOl1nclation f01" Marine Re刊 arch，Table 38， p.67.) 
Tabie 3 . Chemical Composition of Some HaliJneda (in % of dry matter) 
I CO.， ancl Si O2 ! ::~~2 ~ _~~~J.~~_ r.~. I Loeal町!Reference org. matler I 
Halimeda simulω15 0.()9 50.20 0.23 trace 0.18 0.44 48.38 
Halimeda lridens 。巳44 45.32 () .49 0.58 0.88 51.94 
Halimeda monile 0.45 48.21 ().02 1.10 1.90 47.56 
Hali捌 eda01うunlia 0.01 50.32 0.07 0.20 0.37 48.20 FlorILIa， Su. S. A 
Hal ? -1一| 46.49 ¥ Recl S回
* Na20 = 1.13; 1"20ニ 0.54;Cl=().84. 
〔九Tinograclov，A. P.， 1953， The elementary chemical composition oJ marine organisms， Me:rnoIl 
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(Craig， H.， 195九ヲ The geochemistry of the st在日εcarbonisotopes， Geochimica et Cosmochimica 
Acta， Vo1. 3， p. 63， Table 4.) 
Table and Chemical Charact巴工'istics01 C日lrbonates
Pri立cipallyfrorn annlyses by Lowenstaru (1954)， Ch，wc (1954)， Thompson and Chow (1955)ヲ
ancl Craig (1953; 1954). 





O Cl~ (96) 
Max. 
14 Chlorophyta (greεn algae) 
Phaeophyta (brown al只ae)







Nemalio立al己S 100 1.0 
7--30 
n.cl. n.cL 
Cryptonemiales (corallines) 。 2.93 
Chrysophyta (golclen brown ，1日立己)
Coccolithophores 。 1.0(5) 
( 1) Aragonite plus cakite taken as 100信協 calcite= 1ω-?17 aragonitε 
Atoms Sr 局)。(2) !-^.l..~~.l~~~ ，f~- for sea vlateY~Ca 8 10-:; (T'horupson ancl Chovi1ぅ 1955)
Atomsしれ
3.45 i -4.5 
(3) O 0" (?0o)=[(R samplcjR stanclaYd)~lJ >< 1000， whcre R is th巴 ratio08/02. R standard， 
the ratio in the Chicago PDB Stanc1ard carhonate、istabulated relative to the National Bureau 
of Standards and other isotopic ref己rencestamlards by H， Craig (1957). Quantity i5 Cl1 for 5 
samples of sea water bicarbonate from the Atlantic rangecl from ~ 1_ 3 to -2.9. 
( 4 ) Strontium valu己sfor grεen algae were kinclly furnished us by Dr. Heinz Lowenstam. Publi-
shecl v旦luesby Emery， Tracey， ancl Laclcl (1954) are somewhat lowerヲ 9.0x1O-"atoms Sr/atom 
Ca 
( 5) From Vinograclov (1953) b旦seclon composition of cocιoiith deposits; should be con五rmed
because of possibility of recrystallization. 
(Revelle ancl Fairbridg久 1957ぅ Carbonatesand Carbon Dioxicle， G. S. A Memoir 67， VoL I， pp_ 
270-271) 
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one. The study is in progress at present. 
Reproduction 
TYPES OF REPRODUCTION OBSERVED IN RECENT GENERA:一一-"Little 
information is as yet avai1ab1e about the reproduction of the majority of the Codiaceae" 
(Fritsch， 1937， p.411). Unti1 recently， the genus Codium was the on1y one in which sexual 
reproduction had been reported. Fe1dmann (1951a) recently studied the sexua1 reproduction 
of Halimeda tuna f.ρlatydisca and concluded that the forma probab1y has the type of 
reproduction comparab1e to that of Caulerta (e. g. C. racemosa var. uvifera). Chihara 
(1956) a1so concluded that Halimeda cuneata Hering has the same manner of reproduction 
as reported by Schussnig (1939) in Cauleゅαρ仰lifera.
Codium:一一Inthe genus Codium， the reproduction has been proved to be anisogamous. 
The gametes are biflagellate and are formed in club.shaped gametangia which deve10p on the 
utricles. The ma1e and fema1e gametangia may be formed on the same (monoecious) or 
di妊erent(dioecious) p1ants. The gametes are discharged from the gametangium through the 
rupture of the 1id-1ike apex of the gam巴tangium(Bertho1d in Oltmanns， 1922 ; Smith， 1930). 
The gametes fuse in pairs and form zygotes. There is no meiosis and the zygote rises to a 
diploid p1ant (Text-五g.8).
As is common among the order Siphona1es， the thallus (p1ant proper) of the Codiaceae 
exemplified by Codiuni is diploid (Williams， 1925; Papenfuss， 1957). The dip10id p1ant 
forms haploid gametes， reduction division taking p1ace in the p1ant during gametogenesis. 
Text-五gure8 Life-cycle of Codium dichotomum (Hudson) S. F. Gray. R. gametangia and 
gametes (male古 andfemale ♀) ; K. copulation; Bottom， cross section of sporophyte; Sp. 
sporophyte showing its growth habit. 
(After Beger in Engler， 1954， p.106; compiled by Beger from Berthold， Oltmanns， Smith 
and Thuret) 
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th日reis an alternation of a diploid plant with haploid gam抗日s，the gametεs representing 
the stagεin the diploid likcycle of the plant No alt己rnationof generation 
has been 0 bservεd among the Codiaceae 
Halimeda:←-Whereas the rεproductive organs of this genus have been observed by 
Deres and Solier since as early as 1856，代thefate of the swarmers discharged from them" 
was nevεr followed and てitremained uncertain whether they are gametes or zoospores" 
(Egerod， p. 375). Feldmann (1951a) finally proved that H. tuna f 1S 
dioeciousラ andanisogamous and the mod巳 ofgametogenesis is comparable to that of Caulerpα. 
Chihara (1956) succeedingly proved that H. cuneata is dioecious and anisogamous and its 
1if巴心 isan altεrnation of a diploid plant with haploid gametes， belonging entirely to the 
so-cailed 
Thus， this of sexual reprodnction seems to characteriz巴 atleast certain 
gener乱 ofthe Codiaceae， and may b巴 consideredas the general scheme of th巴 sexualr巴pro-
duction in the adv紅lcedRecent members of th巴 family.
Vegetative is no doubt wid巴spr日adamong the family， and in certain sp巴Cles
of Codiu111 special detachableεs formed on the utricles have bεεn found (Fritschフ
1935， p. 411 ; also Schmidt， 1923). Furthermore夕刊hereis a possibility that swarmers are 
Text五gure9 Reproductive organs of some Recent Codiaceae 
A-B. Halimeda tu河aLamouroux; A， a fertile specimen; note cluster of numerous sporangioー
phores giving of from the margin of se耳ments. (口atmalsize) ; B， a forkecl sporangiosphore 
from the margin of a segment. ( x 52) 
C. Udotea 0グie持talisGepp et Gepp; sporangia-like ends of filaments， Okinawa， Ryukyu. ( x 45) 
D-E. Boodleopsゐ(?)βusillus(Collins) Taylor， Joly et Bernatowicz; D， Two portions of a 
branch system from the basal part of a colony， showing a section of a coralloid mass with 
irregular， chie自yunconstricted branching which is connectecl by long filaments with the simple 
forl民 rhizoidalbranch， and sporangium， Bermucla. (x about 150) E， Sporangial structme from 
the basal part of a colony， Bermuda. (x about 150) 
F-P. Avrainvillea nigricans Decaisne ; F-H， & K， Young sporangia in various stages of clevelop-
ment; near the middle of th巴 stlpem五g. F is indicatecl the position the mucous callose plug， 
J amaica. (x 24) ; 1， Portion of surface of the f!abellum， with exerted sporangia， J amaica. ()( 12) 
J， A sporangium with spores nearly formed， Jamaica. (x24); Lラ A maturεsporangium with 
four spores a collection of gτanules at the apex seems to inclicate the area of the future rupture 
ofthe sporangium-wall， Jamaica. (x 52)ヲ M，The base of the spor旦ngiumis n巴arly五lledand 
closed by brown mucusラ Jamaica. (x 52) ; N， A sporangium open at apex， although the enclosecl 
spores are stil imperfectly outlined， J amaica. (x 52)ヲ 0，A mature sporangium with three 
spores; a mucous plug in the base of the sporangium and a coll巴ctionof granules at its apex， 
Jamaica. (x 52); P， A large sporangium containing four spores clearly outlined and three or 
more other imperfectly formed， Jamaica. (~く 52).
(A-B， Oltmanns， 1922， p. :o95， originally of Derb企sancl Solier， 1856; C， Yamada， 1934， p. 74フ
D叩E，Taylorシ Joly，and Bernatowicz， 1953， pl. 2; F-P， Howeヲ 1907，pl. 28). 
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form巴din unspecialized parts of the thallus of the Codiaceae， as in Caulerpa，.…" (Egerod， 
ibid.， p.337). 
REPRODUCTIVE ORGANS OBSERVED IN RECENT GENERA : 一一 Special
reproductive organs have been observ巴dby several workers in HalimedαThe reproductive 
organs are formed on ramified filaments which sprout out in large numbers from the 
edges of the calcified segments or from their surfaces and represent a prolif巴rationof the 
medullary filaments. According to th巴 reportsof Derbes and Solier， Schmitz， and Kanda， 
the organs liberate biflagellate swarmers. Kanda (1940) observed that the gametes of H. 
macroloba were discharged from the sporangia 200-450μin diameter and that they are 
ovoid or ellipsoid， 12-15ρin diameter with a tail， but without flagella. The lack of the flagella 
was interpreted as the r巴sultof unfavorable conditions. So far the reproductive organs have 
been recognized in the following species of Halimeda: H. cuneαtα(Chihara， 1956)， H. 
discoidea (Egerod， 1952)， H. gracilis (Gepp， 1904)， H. macrolobα(Zanardini， 1876; Kanda， 
1940)， H. scabra (Howe， 1905)， H. tridens (Howe， 1907)， H. tuna (Derbes and Solier， 1856 ; 
Gepp， 1904; Howe， 1907)， and H. tuna f.ρlatydisca (Schmitz， 1880， Feldmann， 1951a). 
How巴(1907，p. 492-93) observed that the sporangiophores of Halimeda tunαfrom 
Puerto Rico are 1-2 mm long， eithcr simple or once dichotomous near the top; those 
springing from the margins of the segments are formed by the fusion of two or three 
filaments of the medullary filaments， but those springing from the flattened faces of the 
segments come directly from the medullary五lam巴nts，in most cases， at least， without any 
fusion， and often apparently lateral in origin. The sporangia vary from pyriform-obovoid to 
subglobose in shape and are 200-330μin diameter. He also described that the sporangio-
phores of H. tridens collected from the same general area are 1.3 to 2.3 mm long ; again， 
those springing from the margin of the segments are mutually coherent and communicate 
each other by pits or pores， whereas those from the segment-surfaces originate as direct 
continuation of th巴 peripheralutricles or of the utricles of the subcortical layer and are 
without fusions or adhesions of any kind. The sporangia of this specimen are obovoid or 
pyriform and are 200-380μin diam巴t巴r. Obovate reproductive organs of H. discoidea from 
Hawaii were mentioned by Eg巴rod(1952， p. 398) on "branched stalks tha 
機鱒鰯鰯趨観現静
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bear a gr回 tlikeness to the female ones in shape or behavior， they are slightly smaJ1er in 
size (5.0-6.3 x 2. 0-2. 9的. They have no eye spot (Chihara， ibid.， p.109). 
The genus Codium is characterized with club-shaped gametangia formed on the utricles 
(Thuret， 1850). The plant is either monoecious or dioecious. The process of reproduction 
was described above (p. 193). Gametangia are fusiform， ellipsoidal， ovoid， oblong， or even 
cylindrical in shape and "initiated by young utricles near the tips of branchs and in some 
species (as in C. fragile， for example) additional gametangia are produced by old utricl田
(Silva， 1957， p.118). The siz巴 ofthe gametangia ranges 50-100μin diameter and 185-350 
(-450)μin 1巴ngth. They are borne on short pedicel， in general， one to four per utricle 
depending on the sp巴cies. "Male gametes are pyriform， several times larger， .and contain 
one or two chloroplasts ; female gametes are also pyriform， and contain many chloroplasts. 
Male and female gametangia may be distinguished from each other even before the gametes 
are formed because of the golden brown color of the former and the darker green color of 
the latter" (Smith， 1955， p. 113). In some cases， male gametes are smaller than the female 
(c. decorticatum (Woodw.) Howe) (Schussnig， 1950). 
Ernst (1904) and Yamada (1934， p.75， text-fig. 9) have described club-shaped "sporangia-
like" organs at the blade apices of Udotea， the nature of which has not been revealed. 
Fritsch (1935， p.413) considered these "reproductive organs" by Ernest， asreally the epiphytic 
organisms. According to Yamada， the五lamentsof U. orientalis become inftated very con-
spicuously near the end， assuming a lengthily clavate shape; their diameter reaches about 
210ρ. Howe (1907) described "sporangia" which are brought forth externally at the ends of 
filaments in Avrainvillea like those of U. orientalis observed by Yamada. The sporangia 
ultimately produced up to eight吹spores，"but the sporangia nature of these organisms have 
not been confirmed. The sporangia are 350 to 830μlong and 200 to 350ρwide in A. 
nigricans which has utricles of about 30 to 70 f1 (Howe， ibid.). Spores are rather large， 
130-300μx 66-120μTaylor， Joly and Bernatowicz (1953) have concluded that 収Dふ
chotomosiPhon pusillus Collins (1904， p. 431)" is actually placed among Boodleoρsis， a 
Codiacean uncalcified genus， and the species bears a potential reproductiv巴 organsuggestive 
of吹sporang
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of the吠sporangia"of of which is now of the family consisting of 
two genera， Pia and Permocalculus Elliottラ andthe of the Ro巴cent
g巴nus Gαlaxaur，αPia p. transferr色d this group of the 
Permian from the Codiaceae to the Thus the two genera are discussed 
in detail in the separate part I ) 
う:--The organs of this Permo-Carbonifer 
ous genus are spheroidal in andεmbedded within a subcortical protuberance on the 
bladιThey are subcortical or cortical in scattered over the blade at randomフ and
sometimes at the 巴d of the side of p巴rforationof the blad巴. In 
there is 己 culruin乱tionon the surface of the blade and a strl1cture 
may be found at the cεnter of the sllbconical culmination 
Th巴 diam色terof the organ ranges frOIーは 150 to 200 p. in cross sectiorL No detailed inner 
structur巴 ofthe organ was detεcted inside the フ exceptthat ther日 'NerεfOl1ndtwo 
spher111es 25 P. in diamet色i¥Gen巴ヲ theoutermost inside of the spheroid is margined 
a dark colored substanceo No such as tetraspores we1'e fOllnd. The connection 
between the caすitiesand the utricles 01' the m巴五1am己ntswεre not observed 
either. The matur己 or只日nseen，ed to open 乱nostiole at the of a p旦.pillat巴d
spheroido 
After the organs with the 01 Fucus (乱 genusof the 
Fucales， the g乱 of and う th巴 of
and the anth巴ridiaand of the present al1thor is inclined 
to consider that the :rεpr唱odl1ctiveorgan is most a of or 
antheridium. This howev巴I，is open to b巴caus日 theRecent Codiaceae 
旦relmown to be characterized with乱n1S0友丘町}Ol1Sr巴 butnot withδogaulO1JS. 
of Orthrios争hon:一一-Thε of w日rε described 
under the name ofεsηand Konishi p. 97 and 99ヲ pl.2，五g.
2， 5ラ五g.6) bein氏、l1bcorticalin ar吋 in with di託meters
ranging fwm 125 to 260 The and of the res巴mblethose oI 
the of thεrather th 
函命議時単色働脚色目以倒語
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Codium， both of the Codiaceae and apparently of the sam巴 typeof life history， have rather 
distinctly di妊erenttypes of gametangia， one with internal， and the other with external. 
Thus， the internal nature of the gametangia seen in the Paleozoic Codiaceae seems to be no 
antinomy to place them among the Codiaceae. 
A phylogenetic trend such as the translocation of the gam巴tangiafrom endosporic to 
choristoporic through cladosporic type postulated by Pia (1926; also see Rezak， 1959， p.
120) for the Dasycladaceae might be postulated also for the Codiaceae. Whil巴itis natural 
to consider the Codiaceae characterized by the simple alternation of a diploid plant with 
haploid gametes， itcannot be ruled out that certain ancient members of the Codiaceae may 
have developed rather different mode of reproduction， for instance， even such as oogamous 
(p. 198). 
untogeny (Development) 
The general scheme of the life-cycle of the Codiaceae represented by species of Codium 
and by Halimeda cuneatαHering was described above (p. 193). After the initial filament 
forms from the zygote， the dev巴lopmentof the thallus is simply an elaboration of the 
unseptate coenocyte by its enlargement and multiple ramification. 
Although transverse septa are generally lacking in the vegetative phase， septa may be 
produced at the base of the gametangia in Codium， and in certain forms of Halimed，α(H. 
tuna; Howe， 1905) but this septum formation， as described by Oltmanns (1922)， isfunda-
mentally different from the segregative division characteristic of the Siphonocladales (Egerod， 
めid.，p. 334). Such a septation was not observed at the base of the gametangiophores of 
Halimed，αtridens by Howe (1907) and H. cuneata by Chihara (1956， p. 108). 
A few examples follow of the Recent Codiaceae， in which their ontogeny has been traced 
and described. 
Halimeda cuneata Hering. --According to Chihara (ibid.， p.109)，収theyoung indivi-
duals make their appearance at first in early autumn， the fronds vigorously in size through 
spring and summer，* and most of th巴m attain to their richest appearance， being over 10 cm 
in height during June and July. The maturation period is relativ巴lyrestricted， as late July 
to August in certain localities. The sporangiophores ar巴borneas extensions from the surface 
of the cortical utricles. Toward maturation the contents of the vegetative portion move into 
th巴 reproductive organs. When the gametes of di妊erentsexes are mixed …・・justafter their 
liberation， they conjugate with each other in pairs." 
Udotea javensis (Montagne) A. et E. S. Gepp.一一Thisalga representing another勺7pe
of growth habit was studied by Egerod (1952， p.380) who followed the ontogeny of the 
blade of this species through a study of successi ve stages represented in the Hawaiian 
collections. 
事Nodescription was given on the morphological change from .the 収youngindividuals" to adult 
thali by Chihara. 
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Text.五gure10 Udotea javensis (Montagne) A. et E. S. Gepp indicating its 
ontogenetic stages; Hawaii 
a-c. Habit of tballus. (x 5) 
d. Juvenile plant showing early development of blade (x 40) 
e. Older blade showing detail of dichotomizing五laments.(x 40) 
a-c. Habit of adult tballus. (x 5) 
f， g. Two plants witb profusely branched and irregularly constricted 
prostrate rhizome心keportions. (x 15) 
(After Egerod， 1952， text.五g.10， p.378) 
織ず明時
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According to Egerod， "21fter the stipe has been formed， itundergoes 21simple dic botomy 
旦tth巴 21pex. The two br21nches th1.8 formedιEγide almost immediately. Additional dichoto 
mies 211'e 21dd巴din rath己rclose succe宮sion，givll1g the young biade a gre21ter b1'e21dth than 
length (Text-!ig. 12). Aft巴r the f!21bell21te pattern is estab!ished、 the int巳rdichotomi出
elong21te to give 21n over-21l1 incre21se in length to the bl21de. Tow21rd the clist21l end of the 
frond the I-ilam己nts21re narrower p than at the b21sε (100 /1 across) _ The 
peal王 ofdev巴lopmentseeτn8 to be achieved when the bJacle reaches a length of a centimet巴r
01' more， fo1' the blad巴 thenbεcomes lac日1'ated(Text-五g. The plant may continue to 
1'egenerate new filamenl.sフ butin a less regular fashion than before. If the plants remain 
uncal ci fiecl、the!ilaments of th日 frond品τefrεe、whencalciI-ied they 乱recementecl together" 
(Eg巴1'odフ ibid.、p.380) 
Two examplεs may be clescribed from the fossil U clo tピ凶 in regarcl to their probable 
ontogeny 
Eugon.oρhyllum johnsoni Konishi et --As the result of his 1'estudy of this 
No1'th Ame1'ican Permo-Carbol1ifぽ011Sspecies， the a11tho1' re丘ched this conc1usion of its 
ontogeny: the young thallus of Eugvnothyllum may hav巴 avery short stipe bearing a broacl 
corclate blacle， the lovver margil1s of which 80011 thicken; incre21s色 inwic1th of the blade 
continues for a long time 80 th;'¥l it 800n b己comesbroadly reniform. At an early stage， as a 
r巴811:of unequal surface g1'owth， the lower巴clgesunclergo inroJling. The c1εgree of inrolling 
ll1creas巴sas the hlade widens. As the blades spread out thεy develop numerous perfor21tions， 
startlng as a small protuberance， thεn p日rroratedat tl1e top司日ncl[mally th色 eclges of the 
perforation8 a1'e revol1.te 01 the hot11 sicles of the bhde. As the growth continues the b乱sal
portion of the thall us日 toform a fabe フwhichnsually becomes twisted. 
Calcifoliurn oJ:eense Schvetzov et Birina. --Maslov フ p.51) restorecl the growth 
habit of this alga. Acco1'ding 1:0 bis more probable interpretation anlOl1g va1'ious alternativ出ヲ
the plant has a tr・ailingc巴n1:ra]s1:巴m frorn wbich bladeli are日ivenoff. A t五1':3teach 1コlacl日
sta1'ts as a 代semici1'cula1' cent1'al plat巴ラ on which then cl巴veloped the peripheral part 1:hat 
s1ightly enci1'c 
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int巴rnoa己Sof the lower己nd01 the ¥vas in the and left it untouch色df01:呂 monUL
Th巴 tank had a constant circてル





nhenomenon nlUV bo the 
m certaJn 
of froo fiJaments instead a 
of Udotea g.， h uecn巴
Possible s己en i1 the last of the c伝rtain
of unconsolidated五lanlel1tsamong the Codiac巴an (e ふ
民間lubleyoung;er stages 0:[ certain gεnera ミリ Udotea 
五laments
thos日 ilIlmentous
bladεS of sorne 50 i ti日tthere is 
or frc日
th乱t
日re certain sta只esof the 1 ife 
in Codiac剖 n
otIler more or less unconsolidated五lamcntヨ to
conso 1 i clat色cl "If 
it will bo necεssary to exaUllne 
cletennine whether any of their ar巴 SLlch alt巴rnat巴 states~' 2t 





( 01 calcareOl1S IS tar尽巴tof biofacies for 
becaus日 SOlTI巴 g;roupsof 'such as t]lεCodiacenεhave 
indicatonヨ ofcer1:ain environrn印 ts. only a f日W
studies on fossil 乱記 have evεr b巴日nεd 1937 ; 
19;:'0; Ne'vell et al、1953
O士anygroup 0士rn.arlne such 乱 theC":odi日cea日 C在日 be tre司tedin 
two vmys 
(1) 九7'lhichis the of inch vicl ual 
? ? ? ??〈
?
??




αThe gr巴日t of 
has heen in the 
to appear (Ch日prnan， p. 
studies has now to turn their attεntion to 
p. Andラ irJ the 日 of fossil Codi日C白日色フ 臼I
the studies 50 far done s己ernto be restrictεとlto the syn巴 type.
All the Recent sp己ClεSof the Codiaceae呂r己 marine，and a very large of thεm 
ar己 restrIcted to warm (tropical to seas 1955， p. 111)， a 
number of genera are found in the temperate sens乱sthe Meditεrrane旦nand伏Codium g.， 
C. Bursa 乱立dC. tOJ!ne河~tDsUrYl) ε 巴nds乱sfnr as Alaska 3.l1d ancl 50uth'1司rdsto 
Horn and p， 30rnε of th己認εεrefound even 
in lh己ArcticSeaε1883 ;ッ 19Ei4ヲ p. 。
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FACTORS OF MARINE ALGAL ECOLOC ..-.Ecology of TDω111日日1広日ernay be 
anaiyzed into the follow ilg factors. (Feidmarm， 1951フ P









(a) Wave action. 
Eme1'sionx 
) Biological e妊ect01 enleTsionô~ 
4. Biological factors 
Those items asterisl日d乱.bovemay be excludecl 1rom th巴c1iscussionsbecause 
of little 01' no interest to the Codiacea丘Iliuminationis disc1.1ssec1 under a mor巴 general
h巴乱c1in仏 bathymetry as sep:1rate 自己ction(p. 211 ) 
8ubsfraht111.←-.An n1乱ybe classifiω:l as follows in term日ofthe nature (，)f substratlJl11 
。日 whichit grows (Setchell， 
1. Requix巴san i.norg日nicsubstratum. 
(a) εpiliths・a…・ ..・・乱ttached[0 the rock:3 
(b) endoliths………ぷ tointe:rior of rocks. 
(c) psammophil己80・livingon the sands. 
(d) p日lophil日目 … ぃ 01 the rnuds 
11. Requires a living wbstratum 
(e) epiphytes or 巴pizoics.・・噌・・..attached to pl日nto:r animal. 
(f) endophytes or enclozoics "'p巴netratinginto plant 0工品nima1.
Most of the U d口toideaeare psar註rnophil巴日 or pelophiles and Schr日1タ 1877 Gepp 
and Gepp， 1911; Pra仁 L935 Feldmmm nncl EXl7 LenlOinふ 1940;日ー The
"巴主tensivemeadow o:f Penicillus on 3uhstrata" (Fritsch‘1935， p. 406) is fam.ol1s in 
tropical seas of the Caribbean. Some non-calcareous gener乱 ofthe Cocliac色aeareεpilith札
and very few are epiphytic 
Temterature.ー 十-The Coc1iac色aeare可日S i?. group、1110reor Je訪問rytl1ermscompareci to 
the Dasycl乱claceae. Th巴 sub:f乱milyUとiotoid.己乱es己em日 to be as stenoth告白一nalas the Dasy-
clac1aceae噌 thoughactually th己 formerext巴ndsits habitation to slightly cooler seas than the 
latter. 1'he relation between the isotherms during the colcl四 t:1nd vvarmest rnonths in the 
seas ancl the clist1'ibution of巴achRec巴ntgenus of th巴 Udotoicleaεis inc1icat巴clon Text田
figures 13-16. 1t is lmown that armual v丘riationsin the surfac巴 temperatureof the ocean 
amounts on1y to 2 to 3 degre日sCentigraclε in tropical .waters， and :ran只巴sfrom 7 to 14 
degrees in the M巴diterran日an -25.50 at Alexandria by Nasr and Alleem， 1949フ p.254 ; 
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16.30-23. 7" C at Cherchell， Alg巴riaby Feldmann， 1931). 1t has been believed that the 
mean temperature of the warmest month governs in large part the distribution of the algae 
in the different oceans of the world. Detailed discussion on this subject will be seen later 
(p. 205). 
Lemoine (1940， p. 122) mentioned an experiment that proved a non-calcareous Udotea 
is mortal above the temperature of 450C. 
Chihara (1956， p. 109) observed that the maturation period of Halimeda cuneata Hering 
has a correlation with the water temperature. The fronds bearing reproductive organs are 
found at the Central Honshu locality only in late July and August， whereas already in late 
June in the 1sland of Hachijo about 300 km further south. A similar observation has been 
done about other members of the Codiaceae. 
Maximum Salinity I 






Table 6. Algal Zones on Andros 1sland 
(After Black， 1933 ; quoted from Rezak， 1957， p.141) 
Natur巴 ofHabitat Flora 
Shoal water below tides Chlorophyceae; Udotea， Penicillus， 
Halimeda 
Between tides near high watermark I Cyanophyceae; Phormidium， Sym戸loca，
and unic巴larforms. 
Above high watermark， inland marl I Cyanophyceae; Scyto時臼冊。，Plectonema， 
flats I Schizothrix， and unicellar forms 
Above high watermark， limestone I S勾cιり:yt伽O仰仰n1
outcrop 
Salinity.一一TheCodiaceae dwell under a normal salinity environment (Lemoine， 1940， 
p. 122). Pia (1936， p.13) concluded that the Codiaceae behav巴 similarlyto the Dasycladaceae 
in terms of salinity. An interesting observation by Black (1933) on the algal zonation of 
the Andros 1sland of the Bahama may be cited h巴re. The U dotoidean floras characterize 
shoal water below low tide level with normal salinity and they disappear toward the land 
when the maximum salinity d巴cr回 ses(Table 6). Maze and Schram (1877， p.9) observed 
" that eenicillus inhabits supersalin巴waterat Guadalupe. However， no quantitative data are 
available for this observation. 
ρ丘一一TheCodiac白 eseem to prefer normal alkalinity of the ocean they inhabit. But 
it is known that certain Chlorophyc回巴 inthe tidal pool， which are v巴ryac~ive photosynthet-
ically， display an incr団関 inpH of as much as 10 after a few hours exposure to light. Such 
an increase in the alkalinity of tidal pool water may have a very distinct infl.uence on th巴
algal vegetation. Chapman (1957， p. 330) consid巴rsthat 伏thealgal v巴getationprimarily 
determine the oxygen concentration and pH" in tidal pools. The presence of such photo-
synth巴tically active algae may eliminate stenoionic species from the tidal pool (Atkins， 
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alga昔、 such;]5 the U dotoideae. However， thc 日uthor.has failed to find any stmlies of 
the Codiaι己anecology in terms of p1-1 
lVave ac目白iOJl一一Ingeneral， the wave aetion日記msto have a cl05吃 relat刊 nwith growth 
habits of 巴. g.， Pi民 1941). Most of the Udotoideae which hav巴 clelic乱teblady or 
dendritiじ growthhabits cannol: grow under the condition of strong vrave.brゼak;they are 
not surf.lovers. '1'h己yar己 vεrycommon in lagoons where 5ea water is generally protected 
and calm below a c己rt乱indepth. 
GEOGR/IPlnCAL DISTRIβUTION OF RECENT GENER./1泊一一
日ぱ仰/.ZS1"i'l つus 一一-1n the H.cc巴ntwa.rm sens， unじ maydistin田
吹fOl1rimport日ntregions一一一 Caribb吃anヲ IVledi terraneanヲ Indo.Malayan， and Central 
Pacific， vvhile there may be other 81一nallerunits" (Ch3pman. 1946. p. (28)ー Eachprovince 
of tb巴5巴fourincludes the sites 01 either the formation of organic re吃fcomple)三 orof the 
deposition of carbonates 01 continentai shelv巴s(Text-五g.26). "1n general. the Inclo-Paciilc 
region is m01"巴 pro凶bleas th巴 homεofthe various tropical ancl subtropicaJ genera， and tIJ.ey 
can be classi五ec1into (旦)genera with no Atlantic repres己ntative(e. g.， Tydemania vVeber 
van Jヨossereferτed ω th日 "Udot己旦己"by th日 C~epps， 1911)， and (b) genera witIl a few Atlantic 
SpEじies g.， llalirneda Lamouroux of the Codi旦cea巴乱日clGalaxaur，αLamouroux of the 
Ch旦己tangiaceae)"(Chapman， By the sam巴 a probable Atlantic origin 仁fthe 
Codiacean genus Penicillus L乱marckmay be sl1ggested (p. 2(8). How巴ver，the general 
Hora of拍 chof the above.mentioned four regions is no means uniform. For inslance， the 
Gora of the M巴diterraneancan be regarded as "comprising the following巴le江lents;cosrno. 
po1itan， endemic， palaeo.tropical deriv巴dfrom the original flora of tb巴 ancientTethys sea， 
boreal Atlantic叩M巴dit巴lT丘nean，and subtropical Atlanticぷl'Iediterranean"(Chapman， 1957， p 
340) 
It has b記巴nrecognizεd that th杷 tropical algae of both the Caribbean ancl the Indo-Pacil1c 
0('，己ansshow a considerabl行 conformityin the composition仁 generaand speci日s，but they 
are isolat日d(discontinuous in distribution) from one乱nother. Svedelius cliscussed 
thisηblem of disωntinuity" as th己 resultof a break of interoceanicωnnection across 
Central America during geologic tirne (Tertiary) (てLand-bridge hypothesisづ On the 
con廿ary，Murr日y(1891， 1893) explain巴dthe pres巴ntdiscontinuity by a hypoth巴ticalclimatic 
change， prior to which the marine alga巴 atthe Cap巴 ofGood Hope w巴r巴 purelytr仁pical.
Though passi velyラ Chapm.an(195:3) introduc吋 thecontinental drift hypoth田 ISωexplain
C巴rtainpeculiar‘ities in the distribution of IYlarine algae including a vicarious pair of Udotea 
occidentalis in the Caribbean and U. argentea in thc Indo.Paci五む)， Theコr伝tically，these， 
particularly th巴 fOIlTlertwo factorsラ maypossib 
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to Setchell p ロl0Stgen己raof the are eOSIYlO叫
but 30mεCodiaceae shovv discontinuous distribution. For th巴 genus
wh吃T巴asthe g色nus iNeber van Bosse is 
A similar 1'elation mo.y be obse1:v己d for example， 
Halinzeda luna is COmnlOl1 in both the l'vIediterraneanョndIndo-Pacihc whereas FL 
cuneata is r<ostJ士tedto the Indo同Pacifi.c.1¥-101'巴 isthe c日間 ofthe genus Penicillus. 
Penicillus mediterra河eusis conhn巴dto th日Medite1'γo.neo.nand oth日rtvvo SわeCl巴S蜘 P.nodulosus 
and P. o.re in the whereas the rest of the 一-0.1of four--.are 
in the CaribbearトAtlantic The discontinuous r巴lationrepresents sornetimes so-called 
Thes信託re収 of allied one of which 
IS g目白ti'1sDTead in th己 Indo-Pacinc while the other has a mo問 limited distri四
bution in th己 wεstlndies (= p.10). A 五neexample may be 
seeロ inth己 genusUdotea 
control -~--The attempt to marine in terms of 
the infiuence 0千environmentai:tactort:; in the part of th巴lastcen加工y L旦mouroux
in 1825 and 1826フ al1d Grevi.le and (Setchell， Since that 
temperatur巴 h日sg巴 been as the chief factor in clirnatic 
distribution and it is known that a may 巴玄istbetween the position日 of isoth記r巴s
or of 10"多 15ロラ 20"， al1d 25"C of the smface waters 01 th己 oceans and limits of 
distribution of certain groups of or rnm内ine very 5h旦 al1d (Setchel!， 
1917， 1920， and C己rtain 巴Sof the Recent Codi乱ceaemay be 
日巴eni1. the sect1ons. 
Setchel1 (1920， p. 138 and mentioned two kinds of temperatur巴 int邑rvals which 
delimit the different自orasfrom one another (1) the interval of 記 oIsεasonal 
variation in tempピrat1J.rein each zon巴 and(2) the interval of teτ口peratur巳betweenisoth巴res
呂ndisocrvmes. As rnl三日tionεdabove弓 the forn1.er is 紅白 ifany， in the 
ar聞くText-白 11and 12). For thε S日tchell a nan:ow 
int巴rvalsuch as 5む(~ L eヲ 8¥15"，20"， 25" which is to be 
connect巴dwith since the of effecti'1e reproduction which 
makes for oersistence ln lie within an inteγval of such a srnall 
(S日 ut sca "Vvater and巳xist巴nc臼 ()f enzylne ¥;ver巴
p. 190). The 
to be th3.t which is most intimatelv conn巴ct巴d with 
J-Ialimeda - -The genus does not Lat. 45. 50N or 30"S along the 
Suuthwestern coast of i-¥.lJstrali旦 orLat. 34οS the coa3t of Africa 
(ロear ご:'ortElizab己 113 distribution extends the R巴d lndian， Chin巴seSea， 
Philippine the Islandsヲ the Islands ヲ NewGuinea， 
Hawaii， Samoa， Floridaラ Brazil， V巴1'deIslands，記ast巴rn
coast of Afric丸紅ldot11ers 己 1940ラ p.123). tb巴 westerncoast o:f North 
the northern bound乱ryof the distribution seerns to locat巴 atthe south巴rnpart Qf 
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the GuJf of p， 
T'h(:i:(; a:rc 。fHlUinu旬以 仁川Jt~'， ide thr: 乱1;lUlF" ¥， e、
Lamx， in t1e and H c川zeata in the P日[・i仏、
乱sf乱rnorth 乱Z3Centr乱1Honshu of tl児 Japan己記
3m:!.tb as the Cape of Good Hope anιsnuth AlIstr司lia
'Yvork suggests that these are vicarious 
1'he typ巴 locality of Haluneda discoidea Decaii叩 εbeendesi:;:nated 10 be 
and in tbε Indi日nOc巴乱n as far 
19[:'，9弓 p J3a.rton's 





γhe norlh己rncoast of I:h記 ]¥!Icd i t日1γanean日記巴Ul';to be the ll(刊thernlir 川 in tbe distri-
buti'JD of Halimeda thr~ reaches down to 530F (= the1'e Wlllter llrne， 
the hi広hesttemperatur巴り 74"Y(= dm司 surrnner. Alon認 the
Japanese i:sl乱nd，川1:hedistribll ti仁1 of the genus is appaT・ defil1巴d the isりcrymeof GO"y 
(=臼ndth日 isothereof 713日Fぐ the SOULtl日astern<.:0ωt of 
llaliJncda is known frorn the area where the readlei at tiTF (= and the 
lS円I:her巴 at750F' ( = 24ロC)ー Theoccurrence of .Halun 
出削:msto bc within the zone defm日d 590Y (こ 日nd()お"F(= u;olhcn二
This isリtbe1'' valll巴 isI:he mi自imumarnong tho目 whiche1fe pas:う theareas of 
Hロlirneda Thereforeラ itlTlay he concluded I:ha1: the s1J.rface ternperatllre of the ocean 
wheI日 Halunedaliv日sshould be above 53"F (= 
least G8"F (c~ SOIllC timc warm己r自己aSOll，
The genus se日msto havεhad Ils c日nv:，.γ01:
司ndthc temperatL¥l'C should at 
lJ1 th巴 InclηPaci[ie りC日日nsITl 
contrast to .Penicillus ゆ
Udotea : ~-The di:.，tribution 01 this g日nu号 issimilar to th司1:of [-{eJimed(l 
A fcvv Don-calcifi巳clspecie:i have h明日 foundin the Meιliterrane日nanc1 Cllolmd 
the I-!et¥NaiIan 日13日む. fo1' one n 巳l
Ih日 of thε genus Hl乱ybelong to either P臼C1五む (W or 
Indies (= Caribbean to groupsヲ andcan bc correlated :ts vicario!Js paire;， sharing 
日，.111105t the {':(←l¥a1 numb巴rin th己 bothgro-u.ps、ζISfollows : 19211フ p，。
lndo-Pacilic 









U. verlicillosa Cepp et 
u. WUSOJ.u G巴pp.:t Howe 
U. Howe 
With 山と巴 of fcw specics lil切 U.orienlalis Gcpp et Gepp，which is known 
as far southwest as off Port Natal inεastern Africa and as far northeast as south巴rn
and U javensi，ヲGeppwhich reaches the same 11orthe1・nlatitllde， most species of the 
genus are charact巴l:isticof seas. FrOlIl tb己 temperateMediterranean司 two 1J1lcaJ町
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ciu巴d U. and U.ιjうetωlata(二U. have b配 nfound 了。 L巴moine，
1940， p.123)岨 TheknOV¥TIl. rninimum 巴mperaturefor the di.stribution of Udotea~ is a1so 
knm'1n from the northeru C08St of the I'叫edit巴rra11巴anフwhichcan be de五n己d the 
01 53"F ( = 12"C) and the isothere of 74"F (= In the Islands， 63"F ( = 
and 80T (= 2TC) isothere seem to limit the distributiol. of Udoteα. Th色 60"F
(=抗日 811dSQoF (= isoth臼 eare at the Bermudas. Thεapparent 
southem limit of UdoteαC8n be seen at the southeastern coast of Africa 'Nhere thε 6TF 
( = 19"C) isocryme and 76"F (= isothere are found. it is concluded that the 
surface tεmperature of the ocean where Udotea 1ives should b己 above53"F (= 12"C) and th巴
temperature should obtain at least 74"F (= some time vvarm日rseason. 
Penicillus :吠Thegenus f!ourishes in the iiVest Indian of the tropical 
Atlantic......On日 ofPenicillus ( = P nodulosus occurs in the Moluccas and 
ln羽lestand North Australia; another.・@色。(=P. Geppεt Gepp)was collected from 
Timorぃ。.，. and another (= P， mediterraneus occurs in the l¥j[edi terranean. The 
species are rather confIned to their own regions. This at 1εast 
is the case with the .West lndian and Mediterranean spεcies....，" (G叩pand Gepp， p 
As a the g巴nusinh3.bits both and warm sea areasξI'ext同
:fig， which may b己 de五nεdwithin the of 65"F (= Only the 
is ag旦inthe northern co呂8tof thε l¥/Iediterγ&11日anwhere Penicillus is found and the 
down as low 3.S 53"F ( = during wint巴乙 butgains 74"F ( = 23"C) 
sunlm日r. Thεthe same tεmp巴raturerequir巴mentas for Udotea seems to be ne巴d巴d
for Penicillus 
:一--Asm巴ntionedρhalusis strictly a 
Caribbean genus， whereas the gen1.1S 附 ais in Central Pacificぷ(= Indo 
Paci五c)one 1954)， Both g己neraヨ工巴 The latter consists of 
two speciesラ T G叩pet フ and to T 
¥71 eber van Bosse 戸 18a genus 五g.
GEOGRAPHIC D1STRIBUTION OF PALEOZOJC GENERA 一-The
distribution of the Codiaceae the ~ìilUI 旧日 (= and E 
キTher己centstudy by Feldmann (1946， 1954) revealecl th司tthe genus Tydemania may he exclucled 
from the Udotoideae， which are established mainly on the hasis of the Gepps' Udot巴aebl1t also 
of cytologic evidences (p， 244). The genl1S isherewith cited just for the sake of comparison 
with other calci五edmembers of the Codiaceae， :n which lydem仰幻awas previollsly placed 
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'Text回fig1Jre19 Localitics and Gener且 ofDevonian Codiaceae 
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Paleozoic Era seems to have been uniform， except the Permian (p. 211). 
Certain genera are long ranging to cover two or three periods， but most genera are 
short ranging and have been reported from only one period or even a part of one period 
(p. 234). Some of those genera which range more than two periods apparently show their 
southward migration resulted in more restricted distribution. 
Discussions on the Distribution 01 the Paleozoic Gener，α.一一一Theinterpretation of 
ancient phytog色ographicalinformation in terms of paleoclimatology was introduced into 
paleobotany in th巴earlynineteenth century by Schlotheim， Brongniart， and others. Essentially 
based on the same concept， Pia (1923， 1937， 1940， 1940a， 1942; Schwarzbach， 1950， p.27) 
extended the analysis to fossil algal floras， particular1y the Dasycladaceae， and analyzed the 
available data on the g巴ographicaldistribution as indications of warm temperature of the 
ancient oceans. 
Codiaceae 
Table 7. Northern limit of Paleozoic Codiacean and Dasyclada民加
Distribution during each Period 
(unit; Latitude) 
Carboniferous Perrnian 
Silurian 1 Devonian 1-一一一一一一一一一一|一一一一一一一一一
1 Mississi. 1 Pennsyl. 1 Lower 1 Upper 
540N 540N 820N 820N 470N 
Dasycladaceae 削|州 5州 I820N I 6TN I 5 
As concluded above， the geographic distribution of the Udotoideae in Recent oceans 
seems to be related to water temperature; the members of the subfamily are thermophilic. 
Based on a uniformitarian point of view， thus， an inference may be extended that the oceans 
where ancient lime-incrusting Codiaceae lived most probably had a temperature range similar 
to the present-day distribution of the Udotoid回 e，i.e.， the area within 120C isocryme or 20'C 
isothere. 
1t may be natural to consider that the extent of the warm sea where ancient Codiaceae 
prevailed has changed through the evolution of the oceans. Although the information is 
very scanty， the northern limit of fossil Codiaceae during each period of the Paleozoic era 
is tabulated above (Table 7)， in comparison with that of the Paleozoic Dasycladaceae. The 
southern limit is not shown becaus巴 dataavailable from the Southern H巴misphereat present 
are too meager. The apparent more norther1y extension of the Dasycladaceae than the 
Codiaceae during certain periods results most probably from the lack of information. 
On the basis of geographic and evolutionary change of the Chlorophyceae， Pia (1940b) 
recognized four p巴akperiods of the calcareous algae ( = Blutezeit) during the geologic history 
of Europe; they are (1) Ordovician， (2) Permian to Middle Triassic， (3) Late Jurassic to 
Early Cretaceous， and (4) Eocene. Between these ther巴wereintervals of regression in algal 
development which Pia correlated with times of glaciation (Text-fig. 23). During the五fteen
、
ーでE
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years since Pia an旦己dth色 av丘ilabledata， new finds of the Devonian丘nd
in new areas other than have beeロuncovered as far as the Ear・lyCarboni-
ferous and Devonian are concern巴d，his cont巴ntions色ernsto bεin need of as 
discussed lateL 
Pia (1940) the Palεozoic carefully and con凶
cluded that there were three rn呂in in thεPaleozoic of the warrn oce注目s: 
arε 〈ヱ)the Paleozoic oceans， which -Nere ア differentfrorn the pres色nton巴 1n
(2) Deγonian cata回
strophe， which resulted in the 
of "'-'V''''~e ヲ (3) the Late 
Paleozoic oceans， which becarne 
sirnilar to the present ones in 
distribution and clirnatic zonation 
L附作峨 {山で士山…'1 ラ山0，p， 155). for 
Co!edoniorP 
Text一五gure23 Possible corrεlation between the time 
of glaciation and of CI己clinein algal developmento 
Three phases of glaciatiorしCaledonian，Kimmeridgi乱n，
ancl Laramide are not confirmed with the available 
data 
twoヲ rnajor，pointsラ this
巴d conclusion rnay be 
from O11r11p】to-dat巴 knovv-
The distribcト
tion of any P司leozoiccalca-
reous 乱edo巴snot suggest such 
a c1imatic zonat10n as seen on the 
present oceans. For 
a Carnbrian 
sOllthwestern 
Unit己d States ヲ toAnt-
arctica. The D記vonian
i8 the b11t should not be 
overestIm抗巴d with :resp日ctto its 
infiuenc己 onthe distribution. 
It i5 consider巴dthat the appεarance 
of a Deγon!al1 r巴 of the 
品。r呂 v'ras due to lack of 
Based on both 
and terrestrial fioral i t has 
been concluded that the clirnatic 
zonation on the Earth becarne ap-
proximately sirni1訂 tothe pr己sent
the P巴rmian フ
1940; . The 
Permian climatic zonation was 
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recently discussed by Stehli (1957， 1958) and Bain (1958). Stehli's conclusion 
that the faunal boundaries in the Permian parall巴ledthe Earth's present equator was chal楢
lenged by Bain (ibid.， p.597-598)， who argued that the faunal boundary is undulatory， 
forming approximately a double sine curve， extending hardly beyond the tropics， altemate 
with two reaching to 60'N (see Bain's fig. 1). Although the pres巴ntauthor agrees with 
Stehli as well as with previous work by Pia， itshould be pointed out that， according to his 
recent study on the Permo-Carboniferous algal flora from northeastem Greenland (Konishi， in 
preparation)， such a drastic climatic change occurred during late Early Permian rather than 
at the Permo・Carboniferousboundary. Also， itis pointed out that the Late Permian climatic 
zonation resembles the Recent one in complexity， inasmuch as the th巴rmophilicDasycladaceae 
(Mizzia) have been found from a locality of 59'N Lat.， in North America， which 0∞upies 
the probabl巴 coolsea， Zechsteinian， (Dunbar， 1955; Newell， 1955; Teichert， 1958， p.1077)， 
in Europe. The Permian climatic boundary， thus， may be as ul1dulatory as that of the 
present. 
In short， the author believes， based on his study of the Paleozoic Codiaceae and Dasycla-
daceae， that the climatic zonation during the gr回 testtime of the Paleozoic Era was completely 
di妊erentfrom the Recent one， and a drastic change took place during late Early Permian 
and resulted in a climatic zonatiqn which was similar to the present one. Of course， the 
climatic boundaries shifted later during the succeeding periods， but essentially， they remain 
in a position mostly parallel to the present equator. For the causes of these climatic changes， 
polar migration， shifting of the crust relative to the core， and change of solar radiation have 
b田 nproposed. Whatever the real causes were， the change during the Permian should be 
interpreted in relation with the "Permo・Carboniferous"glaciation of the Southern Hemisphere， 
which may be the only assured and extensive pre-Pleistocene glaciation， besides the one at 
the end of the Precambrian (Flint， 1957， p. 493-494). 
BATHYMETRIC INFORMATION OF RECENT SPECIES OF UDOTOIDEAE: 
The ecological implications of the Udotoideae in terms of temperature may well be 
understood from the analysis of the geographic distribution as shown in the preceding 
sections. The oth巴rinformation which paleoecologists may 
212 K. KONISf日
Atlantic coast and As obvious in these cases， itis almost im-
to distinguish the habitat of living biocoenosis from the sites of its dead thanato-
coenosis in order to the result of Rec巴nt survey to the 
Unless it is mentioned， t出h巴fお informationおscωor町l児ce臼r喝τned丸γ¥Vl寸Y羽J凡1此tht出hε 1b1k羽ζa功守
algae 
The present author has tried to information of the Recent Udotoidea巴
as rn.uch as from th巴 available publications. How巴m例17刊氾巴I，h恒1吐15com引lpilat討ionas sho¥可w九N夜v、
b巴elowma勾ybe r勾巴st廿rict抗;氾巴dm日i凶工丑1匂Y1泊口]the Pa氏C1泊i凸Icand Caribb巴間an where many 
discovεries are attributed to the post-war surveys. The has rend巴redmore difficult 
th巴 reliabilityof earlier r色cords(some r巴cordsare de五 b旦sed0ロ drift フ the
lacl王 ofquantitativεdata of some recordsヲ丘nd scanty lit巴ratureas a vvhole. For 
the sake of th巴 informationis compiled in and into each genus at 
乱ndthen the information of e旦chgenus occurring at each province 1S given per the 
province 五g.
Geologic record indicates an intim日Lteassociation of sk巴l巴talstructures of fossil Codiaceae 
(Udotoid切の withsedimentary carbonate rocks. The similar is found in the 
Recent marin己 seclim巴nts. Recent lTmrine carbonat巴 environm巴1tSfall into two groups 
(Fairbridge， 1955， p. (1) b且thyaland r巴gi011S，and (2) neritic shelves ancl 
platforms (Text-J1gs. 26 and 27). 羽Thilethe former (1) hav巴 10calcareous benthonic flora*， 
due to complete abs記nceof light (αaphotic th巴 latterIn the tropical and 
lati tucle (se日 four 巴smentioned are th己 iclealhabitat for 
lime-sεcr巴tingbenthonic algae 
As i1lustrated the majority of the Recent Udotoideae and their debris ar巴{ワund
in th日 littoraland sublittoral zones， and some debris is found even in b旦 environrnent
(p. This occurrence of the Udotoicl己andebris in theョ zoneshould be consider色d
as slumping from th巴 sublittoral zone turbulent flow in depth. It has b巴巴n
mentioned that the Udotoidea巴 arevery common in the sites of co工a1r日efポヘ
呂tOll5制ぺ inthe Recent oceans. There the Udotoidea巴 are11108t 
in the protected 
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Text-figure 25 Distribution of Halimeda debris in various types of Recent reef complex 
(1 & 2 Emery， Tracey， a吋 Ladd，1954; 3. McK同 19回 ;4Nemll，mdRigby，1957; 
5. Ginsb叫， 1956) m， Hal仰向仰ぴ仰ba; 0， Halimeda 0抑 ntia.A， margin且l白 ca叩ment;
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areas of shallow-water 
(Rogers， 1957， p. 4) 
Text-f，gure 26 Distribution of Recent marinξcarb口nates巴inlentso Solid唱black--organicreefs. Linecl-一
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Text-fi宮ure27 Classification of Rεcent marine environment. (Hedgpeth， 1957， p.18) 
The Udotoid色aearεfound in tidal pools and crevices in the mid-littoral zone and infra崎
1 ttoral fringe wher巴 somewater remains. But they ar邑日everfound in the supralitto司
ral fr恒 geor supralittoral zone， except those sw巴ptand driftecl on shore. vegetation 
1n se出 isalmost the associatlons determined very 
the type of substrata 
The sublittoral zone may b巴 subdivideclinto (1) irmer or upper フ anclout邑r
sublittoral zone ; the fonner i5 sometimes callecl infralittoral 20ne. Th日Udotoideae
arεmost abundant in the in11巴rsublittoral 2011ε. 
Because of the int巴rest11 the study of both Recent and ancient reef 
the distribution of th邑 Codiacean particularly of the genus Halimeda in the 
Recent r巴ef has become an aim of such a 
we seem to know b日stラ atprεsent， abollt the and condition of ato118ヲ
dε負担it巴 count色rpartsof which have not been p:coven in column ; on the othεr 
we know 1εast about the Recent barrier rεefsヲ counterpartsof which have been reported 
rather commonly in the record. The available informatlon on th日 distributionof 
the Halirneda debris in Recent reef complex is also mostly restricted in atolls (ε. g.， Bikiniフ
Eniw記tok，Fun旦futi，Kapingam旦rangiヲ and and very few is available to oth色rtypes 
of reef. 
In the Great Barrier Reef of Australia， which is perhaps the best example of the barrier 
r巴efs'.，some of Halimedα cuneata， H. 仏 H.macroloba， and H. tuna') have 
持 Actually，this is no simple barrier reef， but， every kind of reef is present (Fairbridge， 1950， p.332) 
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Text-figure 28 Two universal schemes for intertidal zonation 
(Doty， 1957， p.548). 
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been recorded from the shoal and very shallow portion around table reefs such as， for 
example， the Low Isles reef (Stephensons in Stephensons， Tandy and Spender， 1931; 
Manton， 1935) and Batt reef (St叩hensonsin Stephensons， Tandy and Spender， 1931， 
p. 90) in the back-reef lagoon inside of the Outer Barrier Reefs such as， for example， the 
Y ounge reef. Halimedαis reported from the reef crest and 伏Boulderzone" of the Y ounge 
reef (Stephensons in Stephensons， Tandy and Spender， 1931， p.84-85). But the algal 
distribution on the much deeper lagoonal fl.oor of Inner (Steamer) and Outer Channels 
(Fairbridge， 1950) has not been reported. Th巴 GreatBarrier Reports so far "indicate that 
Halimeda is not so important as in the lagoons of some atolls， e.g. Bikini "(Womersley， 
1959， p.与79).
The reef complex of the famous Great Bahama Bank and the Florida Key has been 
studied considerably lately; the latter is considered as "table reefs" and the former is 
吹somethingbetween very large atolls with very shallow lagoons and table platform reefs" 
(Dunbar and Rogers， 1957， p.95). The ancient counterparts of both cases hav巴 been
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therefore， the following thr巴etyτJe呂、(1)ato11. tabl巴 reef，乱nd(3)αBahama Bank，" are 
described below in terms of the distribution of Halimeda debris. Meanwhile司 thec1i紅白巴nce
between atoll and barrier reef may be concerned on1y in their geon'letric pattern and the 
information obtained from atolls may stiU be旦nalogouslyapplicable to barrier reefs. 
Atolls 一一一Threeexamples of atoll弔 allof th巴 CentralPaci品c，are discussed here 
Accorcling to Taylor (1950λwho examin日dthe biocoenose of "fIalimeda on and around 
the Bikini atoll，巴levensp色ciesand ten formae of the genus wer巴 distinguishedamong the 
Bikini algal fora. These species anc1 formae seem to b巴 groupeclin terms of their niche 
which may be termecl by the geomorphic feature. For instance、oneunnamecl forma of rI. 
otzmtia characterizes out巴1・slop巴at11.eclium depth (46--8411.)司 sevenspecies ancl four fonnae 
clo the re巴fand rε巴fRat environment and seven species ancl seven for11.ae do the lagoon 
bottom environment (T乱ble8). Th巴 lasthabitat can be clivided into two llnits， shallow 
(6-15111.) and cleep (40-70m). The species of the deep lagoon habitat seem to be respol1sible 
for the引Halirnedaclebris" sediments of atoll classically known by geologists 
The percentage abundance of the various components of the bottom samples from the 
Bikini lagoon is shown in a cross section across lagoon (Text.五g.26-.1). 吠Covering11.ost 
of the miclcll巴 ancldeeper part (20-30 fathoms cleep) of the lagoon is an area of abunclant 
Halimeda debris. 11 most of this area Halimeda segments malぽ upbetween 75 ancl 100 
p巴rcentof e日c.hsample" (Em己ry，Tr・ac.ey，and Laclclラ 1954、p.58)白 "Spotsof relati vely low 
abundance of H，αluneda segments generally coincicle with tl，e ar日乱S of a油1止ゐb1.:加)凡川Ul1町凶d出1aωn川1tdee叩p
Foramini妊fε釘ra"(Em 巴臼rγyラTracey ラ ancl La とdd，めbi似d.). A similar analysis of the sediments around 
the ato11 reveals that the伐sampleshighest on th巴 (outerred) s lope ancl coarsestin grain 
size are c.omposed chieRy of Halimeda debris in assoc.iation of coral" (Emery¥Tracey， and 
Ladclラ 1954ラ p.81). The H，αlimeda clebris from the outer reef s10p巴 consistsof large 
curved and slightly folclecl oval segments not like the smallεr sl1b四roundancl flat segments 
from the Halimeda growing in the lagool1 (Emeryラ Tracey，ancl Ladcl， 1954， p. 70). A 
sample from 640 fathoms cleep 8ho 
2~立〕 K， KONISHI 
l1alimeda debris of the outer 18 diff杷rentfrom that of the 
and Ladd， p. 100). Emery， and Ladd p. 巴d that the 
of Halimeda乱tthe d己巴ppart of the 可児 differentfrom those found on 
the shore and reef flat." 
IVlcKee i1， McKeε et al.， p. Ob8εrved a sinular でlationin tbe Hali. 
meda debris at the 旦 wher日 Halimedamacroloba makes an int目白
deep feet yet d巴nnit色 S日 b巴ltin th巴 bottomヲ'vh巴reas
H凹。ρ附 tiahas been found 1n a much shallow feet deep) oH shore sand 
叩 Thesediments consisting of the J-Jalimeda macroloba belt are almost 
of the disarticulat己d segm日ntsof this spεcies and is， 
to McK巴eand others フ p， at about the same belo'N the norrnal 
range of corals. 
Accumulation of th巴 Halimedadebris is also known in the Funafuti gフ
p. ， while伏Halimeda18 one of the minor contributors to 
the sediments that in turn contribute to五llingthe and Morr匂on，1954， p.11 
且nd57) in Raroia atolL 
Table 主:一一-As the examp 1巴 oftable r巴efsラ the South Florida coast is discussed 
here. ラscorClpr日h巴nsive of this arεa has shown us that the area is 
phically as wεII as clividable into two m乱巨nvironments，e8ch of which is 
fmther subdivided into several subenvirom巾ents. His classification is outlined herεpro. 
from the shore seaward 26ーの.
Florida environment feet deep， mostly less than 6 feet 
Interior (目。 central)九one"subenvironment 
Out担。 (0印r喝 ffie訂lぽrg引H日 引~~zむ旦ε" s乱叩ubenvironr口TJ戸1ぽent
Re己妊f.ぺ[町ra配cte町印主nvir工o了九沿コnm刀11一ent(Cひ)-300f白巴etdeε句
Back reef environment 40 feet 
Out日rreef-arc subenvironrnent 
For己主eefsubenvironment 
to p， 2410)， "J-Ialirneda is 1"108t abundant on the outer 
reef-arc and in the Halimeda tridensヲ H. and .oenicillus Sp.， 
。fwhich flourish in th邑 shallowinshore w註tersof the r巴ειtractcan be found as 
far as 5 miles back in the B日 2398句ー代CushiOlトlikel1'laSSeS of !t. 0)うuntiagrow 
attached to the rock in cre'1ices or 01 thεundersicl巴Sof coral heads. The same 
is abundant on sediment bottorns in the back.red where it grows on and 
around mollusk 01' sponges. Th巴 erectrooted sp日cies，H， tridens 
and H. monile are abundant on the back悶redwhere they grow叫 uallywell on sand-or silt 
sized sediments" (Ginsburg， 1956， p， 2424). Species of Halimeda， Penicillus and Udotea 
were collected from a smooth sandy bottom 200 feet deep in fore reef subenvironment 
(Ginsburg， p. 2408). The species of Halimeda， .0，仰 icillus and Udotea 
other than mentioned abo'1εhave been r・eportedfrom the r日efflat (infralittoral 吋 or
deeper wat己rsin the landivard part of the back reef subenvironment of thεreef 
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tract巳nVlIOflrnen t and 1955) ancl in the F Joricb Bay en viro!1l日ent(Stephenson 
日nd
The compositional analysis of the じon:itJtuent りfsedim巴ntsfound 01 trl丹 reeftract 
traverses sbowed tbatHalimcda debris is low or正lbsentin tbe fore reef below ~;OO fεet. 
Its ，Jbundance rapidly incr日乱sesand extends from the outer red-arc across the entire b部~，k
f巴ef. T'v1aximum percentages of Haluneda (debris) are found in the nearshore parts of the 
back reef in a traverse， ancl in the central part of the back red in I:he otber t工averse(GiliS-
burg， 19['，6， p， 241~1-2414) (Text-.fl只ゐ
Baharna Bank 一一一 TheGreat B乱hama Bank is the lar伴!日 ofsev日ra1su1:nTl巳rgecl
li lDe~ton 日 pbtform己 that extend tbe contin己ntal sheU southeastw乱rdfrom F101icla to the 
Gr己aterAntilles (New己1ancl other， 1959ヲ p. Conclitio11s of sedimentation O!1 the 
Great Bahama Bank are believecl to resemble those of the limestone shelf seas of the 
Paleozoic and lVIesozoic (Newell ancl Rigby， 1957， p. 15). Tbe greater part of the Bank is 
COVεred sheH seas less than 20 or 30 feet deep・ TheAndros p1atform best studiecl is 
the western lobe of the Great B之lhamaBank escarp巴とlby Floricl江 Straitancl Tongue of the 
Ocean. The platform rims characteristically descεnd precipil:ously for some hllndr日clsof feet 
along subm巴rgcclescarpmen1:s (Newell and Rigby， 1957， p. Hi)， Several俳 omorphicunits 
M 巳 recognizedin the platform (T巴xt丘g.25-4) 
Accorcling to Newell and others (1959)ヲ th巴 Codia仁ea色 arefound in infraticlal shoal 
a10ng the barri巴rn111吋 (2)outer platformフ (3)shelf lagoon， and (4) winclward lagoon on 
the Andros p1日tform目トJ日welland Rigby (1957， p. 23) described "fine consisting 
a1most 巴ntirely of Halimeda" from 245 fathon:J.s cle巴p along the m且rginal escarpment. 
Variou己 bioticcommunities are further recognizecl in. these units and those 
comm.ll11ities are closely relat日d to th記 natur・eof substratum (Tabl記 9). I-Iowe (1920.) 
li.stcd the following of Halirneda from th巴 BahamaBank. 
正l.discoidea D即日isne._-mostly in shal1ow) somewl川正19itatedwater down to 20.-40. 
1let日rs.
fI. Howe ---011 a sancly bottorn in shallow watcr. 
H. lacrimosa Howe --On a sancly bott0111 frorn near low-water mar市kclown to a depth 
of 10--20 meters 01" rnorε 
H lnonile (Ell. et Soland.) Lamrx， ---Common on a 
tridens and H. simulαns 
bottom often wi th H 
H. op乙mtia(1..) Larnrx. ----Cornmon from ncar 10w-v，叫crmark clown to a depth of 
20 lneters 01' moreヲ oftenforming ext巴nsivebeds. 
H_ scabra Howe -_. Coml11on on 1'ock日夕 olcl th日 b之lses of sponges， etc.フ t工Oln
low-water marl王 clownto a clepth of 3 meters or l110re 
丘 sunulans Howe-一一Ona sandy bottom， rocks， olcl corals， etc. from near 10w -wa ter 
mark clown to a depth of s巴veral1l1.eters 
H tridens (Ell. et Solancl.) Lam1'x.一一一Verycommon 01 a sancly or muddy bottol11 
from near the low-water mark down to 40 m巴tersor morc. 
H. tuna (Ell.巴tSolancl.) Lam.rx.一一-On rocks， etc.フ from10w-watcr rnadζdow口 to60 
??
??。????
Distribution of Codiacean species in the Andros platformラ Bahama
from Newell and 1959 and New巴I& Rigby， 1957) 
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The information suggests the occurrences of Jlalimedαin the marginal escarpment 
enVlT011TI己1tbut the exact locatio11 of these occurrences are unknovvn. Hαlimeda debris 
derived from these species of Halirneda is therefore widely distribl1ted in the skeletal 
material of carbonate sediments on the various environments of the Bahama Bank ; w1.巴reas
Penici刀uspinules are引patchilydistributed among the bottom sarnples、 avoiding the more 
current swept areas，乱ndnow here are t11εy of any quantitative importanceη(Iling， 1954ラ p.
20:). A possible Cocli日ceanorigin of t1.e calcar日ousmud (aragonite neeclles) proposed by 
Lowenstam (1955) was aJreacly discllssed above (p. 187). The r・esultof the quantitative 
compositional analysis of the BahalTla sediments such as th08巴 ofthe Bikini and the Florida 
I三eyis not yet available for this survey. Ho刊、reverヲIlling's(1954) study alreacly indicatεd 
Halimeda debris as an IIn.portant constitu日ntof biogenic c1etrital secliments 01 tbe Baha1ua. 
PALEOECOLοGICAL APPLICABILlTY OF THE STUDY OF THE UDOTοlD-
l!-"AE --From the prececling discussioDS， itappears that the Uc1otoideae， both ancient 
ancl Recent， can be used as goocl environmental inclicators in terms of oc巴乱nictemperatu:re 
(surface)， bathymetry、substratum，ancl wave action at the site of their growth and burial as 
remains. 1n summary， the Recent Uclotoiclean ecology is outlil1ed as follows: 
1. Surfaee water 1εmperature 
Mostly in the areas where isocrymes are above 120C ancl isoth紅白 areabove 20oC. 
2. Bathymetry. 
Mostly shallower than 50 m (inn巴ror upper sublittoral). 
3. Wave action. 
Mostly grow unclωthe protected 乱ndcalm conditions below low tide level or 
even below wave b国巴.
4. Substratum. 
Mostly Jiving on tb巴 caleareousmud or ealc乱reoussancl. 
Therefore， the applic日bili ty of these巴cologicaldata to biof乱ciesor paleoecological analysis持
of thεancient Uclotoicleae becomes a乱 importantph乱seof the stucly of the anci巴ntCodiaceae. 
The paleoclimatological signincance of the distribution of the Paleozoic Udotoideae V7as 
alreacly cliscussecl above (p. 209). It is tbe pres巴ntauthor's opinioll that paleoecological study 
sho111d be integratecl wi th a careful seclimentologic analysis of the 1'oeks司 inwhich the flora 
or fau日astudiecl is pr巴servecl. If th巴 sedirnentscontaining Cocliacean debris were clepos 
* For the cliscussions on the basic assumptions for paleoecological interpretation， see Barghoorn 
(1953， p.237-238). 
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<1正leallochtonousness of the fossiI 巴maU1Sin a rock unit rnay be evaluated th記
5tudy of rock texture， gross sedim巴ntarys位ucture，and compositional 
of biotic association. 
The carbonate sedimentary rocks in the column can be classified i11to (1) reef 
(3) basin limestoneラ and(4) geosynclinallimestone， 
in terms of tb担 environmentunder which were :formed. The last c:ategory， 
can be in either shelf or 1n 巴nn5of 50 
that it can be exc:lud己dfrom the present discus:sion. The basin limestone' lS g己n巴 barren
or very scarce of the benthonic remains， Thus， the targets of the paleo巴cological
study of the U dotoideaεseem to be th巴 firsttwo 
8ilurian 十一Oneof the most classical reef in g巴 recordmay bεseen 
in Gotland， Rec巴ntcontribution by Jux (1957) rev日aledthat the Si1mi旦n 旦nd
Ludlovian) strata in Gotland旦f己classifiedinto three九eries"(Folgen) of reef complexes--
ヲ Klintebergヲ andBm噌gsvik Each "series" can be further analyzed 
111to vョriousfacies such. as sandstonεfacies‘δolite f旦Cle呂、 limestonefaciesヲれ1且rlfacies， 
and shale facies. Th日
巴ae) and 
CodiaceaeぅHedstromnia
limestone facies here consi3ts of 
(oncolithsヲ吹 andclosely associated 
into both the δolites and re邑fdetri tus faciεS. 
are known from both detritus and marlおCJ己S.
are found as a detritus binder of the reef fianks一一一
reef detritus facies --although they a児 mostcornmon in the back reef-side of th巴 Middle
Gotiandic complex of Jm王 I-. anoth己rCodiaceae， has also been known 
frorn the back reef-side reer detritus facics of the Middle Gotlandic (Johnson and 
1959ラ p. conclud日dtheεof development代tobe 
b巴tween5 an仁150 met号r6." This value coincid巴ntto th乱tof upper sublittoral zone 
is by th巴旦19a1data. 
Dωonian 一一一The Hleager r巴cordof th巴 Devonian 乱ehas b明 n乱 moot
qu記stionof A detailed biofacies ()f the Devonian sediments of 
southern Canada has added only a little information 01 this problem. As point日d
out Konishi the Devonian reefs 呂ndtheir associat巴d facies in 
southern Canada and 日 asth巴 mlnor
contributors to the reεbut none of the d巴iiniteεae have be巴n found. 
Andrichuck and Edie how巴V日r，that the certain re巴fssuch as Leduc 
and are to be atoll-lik告 structure，and that certain number of 
Text-ngure 29 Facies zonatioll of the Silurian becls of Gotland， Top Facies of Silurian of 
Gotland， according to Jux， Only Silurian rocks are indicated; areas covered with younger 
dεpOSl匂 (Pleistocene)left blank Data from geologic quadrangles. Bottom; Diagrammatic 
section of Gotland according to Jux， showing general distribution of reefs， reef cletritus， m旦rly
andιclay巴y叫marlysediments， and sandstones， (Courtesy， Bullεtin of the American Association of 
Petroleum Geologists， April， 1958フp，897-8) 
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biofacies belts could be mapp巴dalong and parallel to the atoll国likestructure (Text-fig. 30). 
A careful investigation is necessary to examine whether these伏lagoonaldeposits". wer巴
free from the supply of Codiacean debris. 
Mississipρian:一一Johnsonand Konishi (1956a) described an algal flora including five 
Codiacean species from the Mississippian (Osagian and Meramecian) of Montana and 
Saskatchewan. According to Edie (1958， p.105)， these algae are found in his収pseudo-
oolitic limestone" facies mostly characteristic of 吹bank"(or barrier bank) on shelf (Text-fig. 
31). Similar lithology in the Leadvi1le 1imestone (Madison lim巴stone)near Glenwood 
Springs， Colorado， bears Codiacean debris CJohnson， 1945). The sedimentary environment 
of this facies is very shallow， probably under appreciable agitation comparable to that on 
the Bahama Bank， and most probably just below the lower tidal level. 
An excellent example of the Mississippian reefs is cit巴dfrom Wolfenden's compre-
hensive studies on the mid司Viseanreef complex in northwest Derbyshire， England. Here， a 
Codiacean alga， Orωnella kershotensis Garwood， is found in the successive laminae of 
stromatolites (Cryptozoon type)， which occupy reef biotope (Text-fig. 32). These algal 
reefs are considered to be formed in shallow wat巴rsthat wer巴 "subjectto strong wave and 
current action， well-oxygenerated， clear waters of normal sa1inity" (Wolfenden， ibid.， p.890)， 
probably under infra1ittoral fringe. 









Text品gure30 Generalized biofaci巴sof upper 100 feet of Leduc reef mass in 
Redwater area (Andrichuck， 1958， p.78). 
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has b日cnquotedιs anotber己主乱mpleりfthe Lat七 Palc，);ooica[oll，社llhoughhr:re the typicaJJy 
吠lugoりnalfacies" is appare日tlァnlIssIng、 Eemainsof AJ1ChicodiUnl and its日lliedform ha ve 
been found within the "reef"日s({fragnl_εnts 01' grains in which the intern日.1 structures of 
the algae 1'cmainedラヲ (Myel二StafforcL 日ndBurnside，勺 alJochems in calcarcnite 01' 
calcirudite. Thus， the envi1'onment Ilay be suggesl:ed as interticlal 10 inner infratidal. 
However， th巴 ato11nature app己a1'sopen to qu己stion
Text-figu.re 31 lnterpretation of enviroll1Dents of dcpo~itiún of l'vIississippian 
rocks in sou.theas1:ern Saskatchewan (E:dieヲ (958)
Text-ugure 32 Major biotopes and infεrrec1 life c1istribl1tion of 1:he 
fossils found in Mic奇issippianreef complex of northwest Derby 
shire， Eng;lancl. (sasin facies not consicler巴cl.)(Wolfenc1enフ 1958，
p. 884) 
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The Pennsylvanian and lower Permian strata in the c芭ntralUnited States are charaひ
t巴rized the吠 occurrenceof suites of c田 tainfacies which are attributed to eustatic 
change of oceanic level or to the diastrophic movements that affect巴dover the wid巴乱rea.;('
In Kansas， algae are commonly found in収super"limestone above thεmiddle limestone 
containing fusulinids 日 et 1951 ;巴。 g.，五gs. The fusu日nid may 
represent the maxIlnum of th色 呂芭呂 during 旦 cyclothem deposition， and the 
the r巴 cycle. This日super"lImestone i5 gen己rallycharacterized 
alga巴， and a few molluscoids and molluscs embedd己din flaggy， silty， or granular 
limestone (Ireland， 1956). Johnson p. 1108) concluded that 吠mostof the algal 
limestones occur in the bottom and top limestone membe1's of a limestone formatiorぜ1.ピじ
he児巴 also men副1tion児巴dce庇rt協ai泊l工ロL1 ex王c巴pt丘10n証1cases of fus叩ul弘m百巴-b巴a紅ring日1m工nεs針i一Oωnぼe日払， which 
m羽自yd巴V巴lophighly f臼aci巴邸s園 These Kansan a1gal limestones are commonly calcarenitic 
and preserve the algae旦sfragmenta1 debris suggesting a 
shallow d巴pthof the 旦 environment園
strong current and vel"'J 
The Virgilian st1'ata in the Sacramento Mountains of New Mexico a1so have a cyclic 
arrangement (Cline， p. and th巴 limestonem巴mbersof some of the 
show an upward gradation from， (1) thin-b巴dded 8trata having a mollus-
coidean fauna， into (2) a massive乱19a1biostrome cap. This v邑rticalvar包ti01 is， 
to Cline repeated laterally as individual limeston巴sare traced toward th日 ancient
land mass; the fusulinid回b日aringstrata shorew乱1'dinto 乱1limestones， which in 
turn break down into a mass of calcareous nodul巴sembedded in red shale. Recent 
studies of this Virgilian limestone and the pr巴sentauthor (Konishi 
and羽Tray，1961) have shown that the lim巴stone bioherm was 己d as a 
subm司rinebank of the debris of Codiaceae一一-台何 a
new g巴nussimilar to .Anchiocodium一一品l1dwas fo1'med th丘町diment
and binding effect of thes巴 leaf-likealgae. Howeve乙丸videnc巴 indicatesthat these bio-
herms did not act as barriers to wat巴rcircul且tionand 
infl.uenc巴 the el1vironment much 




or even shallow巴r，within 
Permian:←一一Thebest examples of the Permian reefs are those exposed 
in the Guadalupe Mountains of Texas and N巴wMexico. the Goat and Capitan 
barrier r巴efsdeveloped more or less continuously around the 1'im of the Delaware Basin， 
and formed an exc巴llentcounterpa1't of the Recent barr匂rre巴L to Newell ラ
p. 431)， the great quantities of siphonous algae and fusu1ines are found imm日diatelyb呂ck
of the reef and they must be near the sites whe1'e they grew most呂bundantly. They are 
comparatively rare in the re巴fand fo1'巴reef where they ar記 representedonly by 
detrital fragments (Newell et 1953， p. 112). According to Newell乱ndoth巴rs フpo
151-152)， Johnsonヲs(1942，p圃 216)algal localities are a11 in lagoonal (backreef) dolomites 
号令Seefootnote on page 230. 
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Text一五gme33 Major biotopes in 'vVolfcampian time in Kansas with comp泣 isonof those in shallow waters of Recent seas. 
(Elias， 1937， p. 410:; 
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and not， ashe supposed， in the reef phase. The dolomite is calcarenitic and is placed in 
吠calcarenitecoquina phase" containing a lot of remains of dasyclads and other alga巴 similar
to Codiac四 e. This phase伏gradeslaterally into the reef facies in one direction and into 
pisolite and fine-grained dolomite sh巴lfward，and it interfingers with tongues of sandstone of 
the terrigenous facies.・"(Newell et al.， 1953， p.115). In this huge reef complex another 
けpeof reef， patch reef， has been found (Newell etα1.， ibid.， p. 97-100). It is mainly 
composed of stromatolitic algae and the Gymnocodiaceae. 伏Associatedbreccia indicates that 
the formation of the reef "above wave base is not more than a few feet of water" (Newell 
et al.， ibid). According to Dietz and Menard (1951)， the maximum depth of wave action 
is around 36 feet， so that this Permian patch reef was probably formed in the inner sub-
li ttoral zone. 
The cyclic succession of the 代BigBlue series" (Wolfcampian) in Kansas was paleo-
ecologically (paleobathymetrically) studied by Elias as early as 1937. This pioneer work in 
North American Permian paleoecology showed a correlative distribution of organisms in 
each cyclic bed with the benthonic zones of Recent ocean floors. His study suggested that 
収the observed cyclic repetition of sedimentary rocks and the enclosed organic remains 
indicate advance and r巴treatof sea， each cycle r巴presentingone major marine invasion.* "He 
also suggested that the maximum depth of the Big Blue sea did not exceed 180 feet. The 
carbonate rocks found in this s巴ctionare essentially calcarenite and calcilutite， which were 
deposited on shelf. Unfortunately， he did not recognize any of Codiaceae， Dasycladaceae， or 
Solenoporac田 e，but mentioned 代leatherysea-weeds" (non-calcareous) and Spongiostromata. 
He determined the depth range for th巴Spongiostromatafrom 75 to 110 feet (Text-fig. 33)， 
which covers the depth of his "Molluscan and Mixed phases." This Spongiostromata are 
characterized by Cηρtozoon， Osagia， Ottonosia， and SomPhospongi，α(Elias， ibid.， p. 411). 
These oncolitic algae are believed to characterize much shallower water， most probably 
shal10wer than one fathom (Ginsburg， 1955). Recent detailed study of the Cottonwood 
limestone member of the Beattie limestone in the Council Grove group on a regional scale 
indicates (Imbrie， unpublished) that the limestone member developed an algal bank (bioherm) 
a 
* Newell and others (1959， p.189) believe， howev巴r，thatαthe chief ecological factor in the Big 
Blue sea was the same as that in the Bahamas， i.e.， the principal direct control of bottom mileu 
by turbulence." 
Studies 01 Paleozoic Codiαceae and Allied Algae 231 
Geologic Distribution 
GENERIC DURATION OF PALEOZOIC CODIACEAE :一一Table10 indicates the 
generic range of the Paleozoic Codiaceae. A certain species， or even a genus， can be con-
sidered as an index fossil because of its limited distribution. lt is generally considered， 
however， that as regards their possible use as index fossils， the fossil Codiaceae are not so 
stratigraphically important as the fossil Dasyc1adaceae. 
EVOLUTIONARY TRENDS AND RATE OF EVOLUTION:一一-Analysis;ー- a 
statistical treatment of the numbers of the fossil Codiacean genera during each geologic peri-
od has been prepared (Text-fig. 36) to indicate the evolutionary trend of the family. The 
method was adapted from the one developed by Muller (1955， p.2-6). The genera of 
a given period were analyzed in terms of their duration: (1) short ranging， (2) inter-
mediate， and (3) long ranging (see the subdivisions designated by various patterns in the 
same text-五gure).
TOTAL NUMBER OF CODIACEAN GENERA AND NUMBER 
OF NEW GENERA PER MILLlON YEARS FOR 
EACH GEOLOGIC PERIOO 
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T巴xt-figure34 Total Number of Codiacean Genera and Number 
of New Genera per Million Years for Each Geologic Period. 
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Text-五gure35 Percentage of New Codiacean Genera per Total 
Number of Codiacean Genera per Geologic Period. 
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Following the same used Newell 日記nbestand oth巴rs，1切り乙， p. 
two additional sets of graphs were also prepared for this discussion : (1)吠totalnumbers of 
genera and rates at which new genera appear， " and (2)吠thef1uctuating perc巴ntageof new 
genera to total numbers through time" (see text-figs. 34， 35)。
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The present author realizes that the amount of availahle data 011 fossil Codiaceae rnay 
not be sufficient to permit this type of analysis at present. Paleophycologists are sti11 
looking for new algal assemblages which hav己 beenoverlooked in casual paleobotanical 
i11vestigations. For example， Maslov's reeent (1956) diseovery of DevonIan Chlorophyceae 
from the Kuzunetsucl王 andAltai， inell1ding one possible 3ndtwo prob日blenew genera of 
Codiaceae， has ch日ngeclthe巴volution日PJpicture of the Pal色ozoicCoc1i乱ceae. Previousl)八 the
remarkable paucity of this group of alg昌ein the D巴vonianrecords w旦scOl1sidered to b巴
characteristic of this period (e.g.， Pia， 1937ヲ 1940;Johnson and Konishi司 1958)，controlled 
by natural factors rather than by th己 stateo:f our lmowァlεdge
The small number of genera eoneerned is anoth巴rproblem、becausean adclition of even 
a few new genera may change the statistieal values trωnendously. The autbor is also aware 
of the fact that some， if110t乱1，imporl乱I1tchanges in the algai f10ras (including tbe Codia-
ceae) clid not coincide with the bounclaries of the geoloεic periods， which are essentially 
det巴rmln巴cl01 the basis of marine in vertebrate recorcls (Konishi， in preparation). It should 
also be k巴ptin mincl that the fossil Codiaeeae representing any geologic. periocl are ac.tua11y 
part of the family present during that period--possibly of a maεnitude only a similar to 
that of the subfamily U dotoicleae (p. 249) of the Rec巴ntCodiaceae. This subfarnily 
consists of only four Recent genera; but includes a11 the calcar己ons fonns. 
Keeping these fac:tsラ aswell as the general clifficulties inberent in this kind of synthεsis 
(cfr. Henbest， in Henbest ancl othersフ 1952)，in mind， th在日uthorwould like to c1iscuss 
some interesting trencls inclicated by the above但mentionedcliagrams. The日 pointsare， of 
c:our・se，subject to revision when morεinformation becomes available. 
Intertretations :一一-Texι五gure36 shows that the evolutionary 1:rend of the family is 
neither progressive nor rεgressive， but an "intermedi日reType" (M包ller，1955ヲ p.41'42， 47， 
etc:.; also text凶fig.25). The trend is c:har乱ctel・izedby乱 graclualexp日nsion(weak initial) 
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Text-figure 36 Evolutionary Trends of Codiaceae. 
Width of pattern indicates number of Codiacean genera. Type of pa社ernindicates duration 
in millions of years of genera. 
9， etc.). This expansion was related to an increase in the rate of diversification， and also 
resulted from the introduction of new genera which replaced the persistent old Silurian 
forms (Text一五g.34).
Following this eruptive evolution， the Udoteae appeared for the五rsttime. This group， 
characterized by Calcifolium， Ivanovia， Anchicodium， and EugonoPhyllum flourished during 
Middle and Late Carboniferous， but the later history of these fossil Udoteae has not yet 
Studies 01 PaleozoicCodiaceαe and Allied Algae 235 
been traced beyond the Early Permian. The short duration of the group is illustrated in 
• text-五gure36. 
The "Nachphase" (weak terminal) of the Permian is observed in the decrease of 
g巴nericnumbers as well as in the drop in the fluctuation percentage (Text-fig. 35)， although 
two new gnera were added to the family during this period. These were Neoanchicodium 
which strongly resembles Anchicodium except for the habit of growth， and Succodium， 
another ally of the Recent Halimeda During the Triassic， almost all the Paleozoic Codia-
ceae except possibly one genus， Garwoodia of the subfamily Garwoodioideae， became extinct. 
This again agrees with the world-wide decline indicated in the invertebrate records for this 
period (Schindewo!f， 1953). Newell (初日enbestand others， 1952， p. 384) believes 
that百 sortof adaptational vacuum must have characterized" the Triassic. While this rnay 
be true for the Codiaceae， itseems not to be the true picture so far as the Uasycladaceae 
are concerned. The Dasycladaceae have quite a few genera common to both the Permian 
and the Triassic. The Jurassic would be expected to be a time of "renewed radiation into 
the vacant or uncrowd巴decological niches" (Newell， ibid.)， and this trend is recognizable 
by a slight rise in the curve (Text-fig. 34) indicating a small peak for the Jurassic. Codiaeeae. 
Future investigations should uncover more new forms of Codiaceae in the Jurassic rocks. 
The Cretaceous passed to the Tertiary with a general decline in Codiacean genera (Text-
figs. 35-36). 
Thus， two peaks， the most prominent during the Carboniferous and the other during the 
Jurassic (extending into the Cretaceous)， may be recognized in the evolutionary history of 
the Codiaceae (Text-figs. 34-36). The fairly obvious parallelism between the number of 
total g邑neraand of new genera during a given period may also be noted (Text-fig. 34). 
The peculiar subfamily Garwoodioideae. may have had more adaptability than other 
subfamilies， as might be expected from their structural simplicity. The duration of the 
genera among this subfamily (e. g.， Hedstrce.rJ守ia，Ortonella， and Cayeuxia) is really much 
longer than that of other Codiacean genera. ltshould also be mentioned that older genera 
(such as Dimoゆhos争honand Palaeoρorella) had a much longer duration (= generic life) 
than later ones (such as Succodium and Boueina)， even when on a similar structural level. 
Thus， the Codiaceae m 
一ー】】♂向、
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Th邑 ma呂15 extinction which occurred near the end of th巴 Pennianno doubt had an 
infl.uence on the of th巴 Codiaceae. Th巴 authordoεs not h託vea definite preference 
with regard to the three alternative hypotheses 1954 ; 1956a ; 
1959) as to the cause of this gre乱 extinction，
The problem of phylogeny of tl戸i巴 Codiacea久 whichis the ultimat色 purposeof the study 
of fossil Codiaceae， may be analyzed combined means of comp呂士山vemorphylogy irト
cluding cytological studi巴sof the Rec巴nt and the stratigraphic occurrence of fossil 
records of the familyヲ although乱tpresεnt th巴 latteris too limi ted to r巴achany definite 
conclusion from the available data， 
λTeontologic data :一一Theevolution among the 丘eto which the Codiaceae 
belong has been outlined Chapman (1941フ p，261-263)， According to him， there are 
two starting (1) one hypothesis commences with th巴 Chlamydomonadaceae，and 
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Ulothrix Pleurococcus (reducecl type) 
、、、、、、、--
Siphonocladiales 
(After Chapman， 1941， p.262) 
H巴 (ibid.) considers the fonTLer to be perhaps the more satisfactory. てTheorigin of the 
Siphonales (in which the Codiaceae are placed) offers a similar kind of problem to that of 
the FuαUes because th巴reare very f巴w satisfactory intermediate forms" (Chapman， ibid.， p 
261). He m巴ntionedthe possible derivation of the Siphonales directly from the Siphono-
cladales. 
Fritsch recognized a numb巴rof de五nitemorphological tendencies， which are demonstrated 
as parallelism in evolution among th巴 simplertype of algae of each phylum (Fritsch， 1935フ
p. 26). Similar evoiutionary tend巴nCl巴scan be observed among fhe more advanced types 
of algae (Fritsch， ibid園， p. 27). The trend of the morphological elaboration of construction 
recogniz吃ど1by Fritsch is as follows : 
1. Het巴rotrichousfilament 
2. Discoid type 
3. Crust or cushions 
4固 Elaborated巴recttype 
5. Compact pseudoparenchymatous typeフuniaxial
6. Compact pseudoparenchymatous t汎Je，multiaxial 
7. Foliose parenchymatous type 
8. Tubular parenchymatous t刀光
The Codiaceae， as one of the most advanced Chlorophyceae， may exhibit heterotrichous 
habit in the v巴ryearlier stages of their ontogeny， and reach to the elaborated erect type or 
compact pseudoparenchymatous type， either uniaxial or multiaxial， at maturity. The recog-
nition of this parallelism in the morphological elaboration may be a good guide to 
analyz巴 apossible trend in phylogeny， but， at th巴 sametime， ittells us that a morphological 
similarity in structure as well as growth habit may mean nothing but polyphyletic origin. 
An excellent example in resp巴ctto fossil Codiaceae may be seen in the case of the Gymno-
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which wefE'; arnong thε but are nOIN put clo出εtoth日
of rUHYUUI.llJ 
1¥5 the case of the 丘町 dif{erentiation in :repI・oductiveorgans may be another 
clue to trace the ev01ution of the Codiaceae. The Recent re!pnòSE~ntatJ己S of the family 社主巴
characterized the ク toSmith p. フ the 収casesof 
w'here the female gametes are very 
ancl thεmale garnεtes very small and activ巴lymotil巴 arebuj 
a step removed from oogamy， the culn:lInation of evolution in differentiation between 
gametes." If a concept that吋h吃 日volutionfrom to oogamy 
is cor1'ε!ated with inc1'εase in of structur吃"as seen in certain Chloro-
フ p. ，it would be to !mow i:f any m日mber of 
the Codiaceae reached to oogamy or noL But ，'1己 knowtoo litl色 aboutthe life-
of the Rec巴ntancl fossil gen巴1'ato certain fossil ge日記rasuggest ito 
CODIEAE 
Cod抑制
Tabl記 13 1nt己rrel且tionbetween the Genera of the Codiaceae 
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U cyatluformis U. eXjうlanata U. 
U。 U. argentea U巳 occidenlalis
U jlabellum 
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j-I(叩¥Tcvex， th(' 1'10";[ inte.re1itin芯口pp山 adltu this ，.u]， ject s日42J1")日 10h己 lhcγecentcon守
triblltion己 by Ch司def江ud(El.ll) and F七ldm札ll 仏 りnplasljc1 and ccll-叫司1 mOl"-
phology Their .resu1ts suggcst that quitt: J. .h~'\v genera 01 tlH: inC]lldin只
almust al 0:[ the G叩iコぶ lJdol印じ exc叩tf山 フーnzaniaindicate 8. do日ralIinity 
wil:h the Caulerpales 司sec1on コσ)I:h3n with th日刊EUf:;jphon日llcs"of Felc1mann (1946 ; 
see p. Z4fj. in thi8 text). Th己l"esto.f the geneI‘1 o[ t1ぼ G叩psフ CocliDceaehave been left 
among the ELlsiphonales 01" among the Cocliales (Felclnmnn勺 Thismay strongly 
sugg己sta polyphyle1ic・ of the iamily CodUlCeae， anc1 1行日目 closdy reJ乱tecl
日出l1ltyb円tweenthe (~eppぶ "Udotea♂ and tb.e re日tのfthe thall tlw 日Llbf8.mily
Feldmanllうち Uclotf'a仁川a己)日口d
Gepp 8.nd Gepp (1911ヲ['"日doptedthe mude 01' branching of the J1日meni呂 asthe 
criterion to al18.1yze the affinity betwecn the C;odi司C日日n ぷ日I巴ra. "'wheth官rthe 孔lCC巴ssive
dicl，(ltomie己 area1 In one and the "ame plalleりrin alt，~rnating foilowing this 
concepに theyinterpret邑dthe intern.'la!Iol between tbe g七Il巴rauf th日irsubJ・arnilyU doteae 
(Table ー A r巴lationbεt'lVぽ 1th，~ sp日C1日Sof Udoteμalso gi刊、1by the Gepps 
Tab1e 14) is interesting b抗日useapparentJy a simi1m 犯quellcecan be tr日cedamong 
the Pennふ CarboniferousU dotoicl回己日S 丘 dirεctioηa1evo1ution 
Silva (1951) analyzモf、d th杷 pcιO~:;
S乱叩ubge巴、nus '1:う1'lμecodiu似tυfηm.刀η10ωf tl士hぽeg 己11U8ιc θ diurn (仁、壬也fr.p. . Th そ吃 s刊uL.gι己enush 日sbコlecndivided 
1I口1tofour sections as foliows 
1. A dhaerentia DeToni吋 1889フO1th.mul. SChIllidt. J923 
2，呼)ogiosaSetchell， HJ:35 
(i nβUrS(i，C 0. 
4. Silva， 1%1. 
Aじcording10 Silva (1954)，九he.Adha.erentia probably are at the ba:c;e of the phylogenetic 
sequence in this group，呂 Jnnjorityof utridcs anう己cconchryelud a simple 出tout五lament
ari~ ， ef， from the base of each utride. Th巴 '.JI.'Un，>"'I.，.tf.differ iJn日j'lrnical1y in much 
larger utricles." The section Bursac in which "alJ. globos記叩白cicshitherto havc been ple.l.ced" 
S吃巴msto be polyphyletic in 枇 least three lines. Silva conclud邸 that '¥ve s巳emto he dea1ing 
¥vith two parallel phy lct1r lin郎、 on0'[1 which乱 fj.1mnεnlarise:， from each utricl弘 the
other in which several filmnenl:s arise from each utricle. お<JthlinとsexhilJit t.rends towarcl 
Jarge utriclεs， the loss 01 the 8.bility to prodw2e secondary filaments of th巴 Adhaerentiatype， 
the acquisition of the ability to produce secondョryutricks of the Bursae tY1Jc， 8.nd the globose 
habit.'喝
Paleontolo♂;c data 一一一¥iViththe advancement of ncw tcchn叶ogy，palynologyら an ln目
ten:sive search for the oldest 己rrestri'J.1pJants has beell re己ultedin the discov巴1y01 spores fronl 
the Lower Cambr匂nof th日 Balticregion むr，1939 ; 1949). These spores 
8.re regarded乱sreproductive cells of terrestri司1plants because of thεir trilete naturモ The
recent r巴:porto{ the earliest known vascular terrestrial p]日ntfrom the Midclle Cambrian of 
Eastem Siberia (a possible lycopocl， Aldanolうhyton Kryshtofovich， 1953 
review日dby Leclercq， 1%6 ; a150 rd. Just， 1957) may possibly substantiate this interpretation. 
?、???? ?? 1り23e
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The occurrence of th巴 stromatolitesusually without any preservation of their original cel1ular 
structure have been mentioned rather commonly from the Precambrian arrd Early Paleozoic 
strata. Based on the gross morphology in growth habit， thes巴 stromatolitesare interpreted 
to be derived fl-om the Schizophyceae and primitive Chlorophyc回 e. Some authors are， 
however， of the opinion that they belong to Rhodophyceae. Furthermore， two types of 
primiti ve algae excellently pr巴servingthe detailed structure have been found in the Pre-
cambrian ("middle Huronian，" probably about 2 billion years old) Gunflint formation in 
Ontario (Tyler and Barghoorn， 1954). One filamentous form was tentatively compared to 
certain species of existing genera Lyngbya or Oscillatoria， and the other globular one to the 
Rivulariaceae. The Pre氾ambrianflora contains two fungal forms and on巴 probablecalcareous 
flagellate. The filamentous algae have been known from a similar stratigraphic position in 
Minnesota by Gruner (1923， 1925). Girvanella limestone is common in the marine Cambro・
Ordovician beds over the world ; the alga is considered to belong to Schizophyce沼e(Cyano-
phyceae of some authors). These facts as well as the find of the earliest Dasycladaceae 
(Korde， 1957) and Solenoporaceae (Vologdin， 1955) from the Cambrian of Siberia suggests 
that the di任巴rentiationb巴tw巴endi任erentphyla of algae took place most probably during the 
Precambrian. B巴causevascular terrestrial plants had already attained some diversity of type 
by the Ear1y Cambrian as sugg巴stedby the above-mention巴dreports， Axelrod (1959) believes 
even the Precambrian origins of the land flora. He does not consider th巴 Psi10phytaas the 
stock of the Siluro.D己vonianexplosive evolution of later floras， but as ancient bradyte1ic 
types descending from Precambrian. According to his inference， "the phyla of vascular plants 
may well represent unrelated groups that developed independently from di妊erentalgal 
sources which migrated to land during the Precambrian， passing through a "psilophytic" 
stage early in their history" (p. 274). The fossil data available at present， however， are 
inmature to interpret the interrelation either between the algal phyla， or between the phyla 
of algae and land plants. 
The di妊erentiationamong the Chlorophyceae (or Chlorophycophyta) should have reached 
the level of the first app巴aranceof the D 
申Apossible Dasycladacea has been reported from the beds of suppos巴dPrecambFian age in lndia 
(Misra， 1948， p.438)， but it has not been accepted by a majority of paleobotanists. 
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kllown Codiacean. 
lf it is assumed that t1日 Siphoneaeverticillateae (= fossil [)asycladaceae， Dasyclaι1日l巴
are del'・ivativesfrom the Siphonales (e. g.， Smithフ 1938司 p.102)， fossil Siphonales should 
be {ound still ear lier because fossi 1 Dasyclad丘ceaeal'e now lmown fronl the Cambrian. Pia 
(1931) postulatecl a close relationship between fossil Codiaceae and Dasyclaclaceae， with bOt1i 
originating from a common ancestral form， which consisted of a long tubεwith a fairly 
thick calcareous sheath with many lateral branches arranged at irregular int巴rvals. He 
(1922， p. 79; 1926， p. 128-129; 1931， p. 16) emphasized the similarity betw巴巴nthe thallus 
construction of VermiPorella (an Ordovician primitive Dasyclad) and the五lam巴ntof some 
Codiaceae， particularly of Udotea， which has lateral appenclages 01 the filamen1. 
"Missing links" se巴m 1:0 exist between the subfamili巴S of the Codiaceae， a150. No 
evidence to inteτpret the r巴lationbetween the subfamilies is suppliecl by fossil r巳cords. A 
serious qu巴stionmay b巴 raisedabout th巴 relation of the subfamily Gal'woodioideae to the 
lnain 8tOC1-: of the Codiaceae. Th日 fossilUdot巴aeof the subfamily U clotoicleae are known 
only for the P巴nno-Cal'bonif巴rousrocks， although theil' structure suggests one much more 
primitiv巴 even，than th巴 earliel'， Ordovician form of the Halimedeae. Howevel'， the fossil 
Ucloteae are the only group of fossil Cocliacea巴 whichseem. to show a sequential c.hange in 
morphological diff己民ntiation，which can be interpret日d as a phylogenetic tl'end. The 
linkage staτts frorn Calcifoliumラ whichhas a rnonostromatic blacl巴 consistingof clichotomously 
branching f!laments; th巴nthe next stage may bεseen in Ivanoviaヲ whichラ asthe rεsult of 








Text-ngure 37 MOl'phological Differ日1
tiation in COl'tical Slruηlure shown 
1 transverse section oI Pern10 
Carboniferous Ucloteae (Konishi and 
Wrayヘ1961)
( x 25) . Degree of calci五cation is 
inclicatec1 by intensity of stipplecl 
pat1ern. C， coてtex;C， 01 ter cortexラ
Cl， subcortex; }.1， medulla 
by a simpl巴 pallisade structure. Th巴 trans司
{ormation from Ivanovia to Eugo幻ophyllU111.
through Anchicodium is characterized with the 
compJication of th巴 corticalstructure、th巴 segre-
gation of subcortext and the complicatiol1 of 
th巳 growthhぬitof thallus (perforation， ruffling， 
etc.). The trencl m.ay be consiclerecl as a 
clirectional evolutiol1. 
The other tribc Halimed巴aeof the U dotol -
d巴aeincludes rnany fossil generaヲ whosephylo-
g巴neticseq uenceフ however，is not fully under-
stoocl. The trib 
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frorn. n一l1C suggest S0l11e to the 
cla日匂工d仁lac巴a記 (Cf仕r.Pi悶a， The outerl110st cortex utricles has been 
observed in Dimoψhos争honbut not in Pia (1928a) taking the point oI view 
that adaptation appears through th己 phylogenεticprocess， thεhabits of 
calcar己ousalgae and concluded a possible seque11ce of evolutio11 bas巴d01 thehabits. 
He thought that the unbranched forl11 was much 111mεthan th03e with branched 
thallus in d己ndritichabitじを p. Howeすer，it i8 hard to decide whethεr 
the thallus of a fossil Codi旦cean'Nas branch己dor unlコranchedフ andsegmel1ted or unseg-
工nentedfrom the av日rage
ぺti3 to go too far to regard 
'einfache Perlschurform i1 der 
specim白18.The present author agrees with Hcieg， that 
as a 巴1記 with
， just becasse we have not found I:h日
branchingη(personal communication dated 11， 80 far none of the Paleozoic 
Halimedeae have sho¥vn dichotomous or trichotomousbranching of a s巴gment，whereas thi5 
is very common among the Gymnocodiaceae 
As Maslov himself states (1956)， his Devonian Codiaceae may not to the 
family except for th巴 genusLitanaia. That genus is character匂ec1 a medulla 
of thick medull乱ryfilam日nt5and fair1y simple utricl巴s，and both fea札rresare present in the 
preceding 
oblique 
from which the Devonian genus 15 merely separat巴d the 
of the utricles to the medulla. Possiblεhav色
been mentioned by Maslov 
the oldest r己cordof 
in two D巴voniangenera， Uva and Lancicu旬。 lJ:teyare 
organs， the latter genus is 
The Lower Carbonif巴rousp，αlaeocodium anrl of 
eith巴rsph己ric01' terete， indicate a much adv乱ncedstructure U泊1the 
suggests a clos巴nessto the Ordovician乱ndDevonian gεner丘 ln
a possible intemal 立lL1m"15foコunclil1 Orthriosi1Jhon which 
resembles that of the 
'1‘he Penno司司nis characterized wIth the which is 
entirely diff日rentfrom other fossil Codi旦ceaein respect to the very size of its anasto悶
l110sing utricleso 1ts relation to other Codiaceae is unlmowno Permian Neoanchicodiurn may 
or may not show its affinity to the ancestor， from which it differs in 
growth habit. But the real nature of Neoanchicodium is not yet lmown. The 1ヨst
mernber of the Paleozoic Halimedeae is found il1 the Lat巴stP日rmianbeds of the 
Islands. The g記nU5Succodiurn has a dendritic growth habit of articulating 
internodesヲ whichare terete in 
Halirneda 
The internal structure is also identical with that of 
Thus， it may bεpointed out that a11 the qualifiεd fossil Halimedeae are akil1 to 
flalirneda as far as their structure is concerned. Al1d there seems to be no l110rphological 
evide11ce to suggest any directional evolutiol1，巴xceptfor日 veryg己neraltrend such as from 
Early Paleozoic g邑nerato mor・ecomplicatεd Late Pal巴ozoicone8. The situation 
seems to suggest that these fossil genera were derived from a common stockフl11akingsimilar 
Subfamily 
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to simil旦renvironmental conditions as from time to time， rather 
than that they represent a 5uccessi v巴 evolutionary 巴。 I1 factラ thereis eve11 strong 
己videnceto suspect that th己 fossilHalimedeae may be polyphyletic in V¥1hether the 
Rec巴ntHalimeda would be consid巴redas the result of atavism or 10t should be evaluated 
carefully in the future. 
ProbalJle 01 the Paleozoic Codiaceae :一-Summarizing th巴 abov巴 discussion，
the 巴neticrelation between the Paleozoic Codiacean genera is shown as a 
form of chart (Table 15). 
Classifiむation
The c1assi五c旦tionof the fossi1 Codiaceae has never been elaborated as much as that of 
th巴 fossil 巴ae (Siphoneae verticillatae)園 EvenPia， who introduced a new 
subfamily， Mitcheldeanieae， into the Codiaceae i1 1937 (Pia， 1937フ p. ラ WOI・ked
the family as a by-product of his compreh巴nsiv'estudy 01 the Dasycladac邑ae.
The classifIcatio11 of the eight巴enRec巴ntge11era within the Codiaceae has undergone 21. 
series of changεs 1952). A and E. S. Gepp (1911) 21. ar-
rangement that has been widely followed by many students g.， Bゆrgesen，1913 ; 01trτlanns， 
1922 ; Printz， 1927 ; Pascherフ 1931;Egerodヲ 1952;Beger， 1954) 0 According to their system， 
the Codiaceae we町 dividedinto three 5ubイamilies，Codieae， Flabellarieae， and U doteae.発
However， a taxonomic refInement of the family seems to have started recently. In 
particular， the seri出 ofstudies on plastid and cell-wall moγphology and chemistry conducted 
Feldmann (1946， 1954)， Chad巴faud(1941)フ Miwa and Iriki， unpublised) and 
others ar巴supplyingevidence that the family should be to Feldmann 
ラ al the genera of the Gepps' subfamily ，ミUdoteae" except the genus 
should be separated from the Codiaceae. He raisεd his modifIed to the 
rank， "Udote日ceaeηandconcluded that this nεw family has much closer 21.伍nityto the 
Caulerpales based on the genusραthan to the Codiales based on the familiesっ Codia-
cεae (so and Bryopsidac巴ae Thusヲ thetenn吠fossilCodiaceae" in this text 
may have to be replaced 伐fossilU doteaceae" in when Feldmann's taxonomy is 
0伍ciallyapproved by of phycologists. however， the present author 
follows the old classi五cation，11 which the U dotoideae remain as the subfamIly within the 
family Codiace旦巴 Nevertheless，the subfamily U dotoideae is here redefined to follow the 
recent concept advanced by Feldmann. 
Order 0"n，c".u，Þ~v。一一一 The order Siphon乱lesof Blackman and Tansley (1902) 
two suborders; the Siphoneaeヲ embracingnonsept乱temembers， and the Siphonocladeaeラwith
septate m巴mbers. Oltmanns (1904)ラ on th日 other hand， confIned membership in the 
Siphonales to the genera that are nonseptate for the duration of the v日getativephase， and 
うやAccordingto the Internation乱1Codes of Botanical Nomencla:ture， (Lanjouwフ1956) these subfamilic 
names should be read with th巴 sufficesof【oideaeinstead of-eae (Cfr. Art. 19 of International Code 
of Botanical Nomenclatureラ 1956句 p② 21). Two years earlier than the Gepps' monumental publi-
cation， Collins (1909， p.386) has introduced the correct orthography】Codioicleaeancl U dotoicleae 
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elevated the suborder Siphonocladeae of Blackman and Tansley to order rank. This latter 
view was supported by Smith (1938， p. 102-103; 1955， p. 101)， Feldmann (1938)， Egerod 
(1952， p. 334) and Papenfuss (1955， p. 129)， whereas Fritsch (1935， p. 368-69)， Iyengar 
(1951， p.62)， and others have retained the Siphonales for both nonseptate and septate 
genera， placing the latter in the Valoniaceae. Later， Fritsch (1954， p. 86) accepted the 
separation of th巴 Siphonocladalesas adopted by Feldmann and Egerod and save to point out 
that the Siphonales are more heterogeneous than the other two orders of siphonous Chloro-
phyceae. 
As briefly mentioned above， Feldmann (1946， p.752-53) split the Siphonales into two 
orders on the basis of plastid and cell-wall morphology， asfollows : 
1. Caulerpales Feldmann， 1946 (non Setchell， 1929， or non Pascher， 1931) 
The order possesses a system of heteroplastids (photosynthetic plastids and amylogenic 
leucoplast) ; cellulose in the walls is entirely replaced by callose. 
Family Caulerpaceae Greville ex Kutzing orth. mut. Cohn， 1880 
Genus Caulωpa Lamouroux， 1809 
Family Udoteaceae (Endlicher) J. Agardh， 1887-88， emend. Feldmann， 1946 
Genus Udotea Lamouroux， 1812持
Genus Halimeda Lamouroux， 1812持
Genus Pseudochlorodesmis Bctrgesen， 1925 
Genus Penicillus Lamarck， 1813発
Genus RhiPoce.ρhalus Kutzing， 1843特
Genus Avrainvillea Decsne. 1842 
Genus Cladocφhalus Howe， 1905 
Genus Pseudocodium Weber van Bosse， 1895 
Family Dichotomosiphonaceae Chadefaud ex Feldmann， 1946 
Genus DichotomosiPhon Ernst， 1902 
? Genus PseudodichotomosiPhon Yamada， 1934 
2. Eusiphonales Feldmann， 1946 
The order presumably possesses only a single type of plastid chloroplast ; cellulos巴inthe 
wall is not altered. 
Family Halicystidaceae Smith， 1930 
Family Bryopsidaceae Bory orth. mut. DeToni， 1888 
Family Derbesiaceae (Thuret) Kjellmann， 1883 
Family Codiaceae (excluding th巴 eightgenera transferred to the family Udoteaceae) 
1t has been prov巴dthat the genus Halicystis Areschoug， 1850， and the genus Derbesia 
Solier， 1847， which were used as the type genera of the family HalicystidaC@ae and family 
Derbesiaceae， respectively，収representalternating heteromorphic generations in the 1ife cycle 
of the same genus， the former being the gametophytic phase and the latter.. .the sporophytic 
phase..・"(Egerod， 1952， p. 335; also see Smith， 1955， p. 110-11). Thus， the monogene 
持Theseare genera which belong to th巴 Gepps'subfarnily収Udoteae".
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family Halicystidaceae is adopted as valid by Smith (ibid.)， and Feldmann's Eusiphonales 
now consist of three families. 
Furthermore， Feldmann (1954) later propos巴dto establish four orders for the members 
which us巴dto belong加 theSiphonales. They are (1) Derbesiales， (2) Codiales， (3) Cauler-
pales， and (4) Dichotomosiphonales. The scheme of his latest classification is as follows 
(Feldmann， ibid.， p.97) : 
A. Algues homoplastidiees : 
a) Cycle digenetique h品t釘omorphe:zoospores st巴phanocontees，gam色tesisocontes he-
t針。games. Pas de gam色tocystesindividualises...(1) Derbesiales 
b) Cycle monogenetique-Diplophasique， gametes bi-flagelles fortement h佐伯rogamesse 
formant dans des gam忌tocystesindividualises.... (2) Codiales 
B. Algues h邑teroplastidiees: 
a) Gametes bi-flagelles， faiblement het釘ogames，Holocarpie sans gametocystes indivi-
dualises.-くの Caulerpales
b) Oogamie...・H ・H ・H ・..…一…(4)Dichotomosiphonales 
Despite the recognition of the heterogeneity of the Siphonales， Fritsch (1954， p.86) believes 
that the creation of quite a number of further orders of siphonous green algae is undesirable 
from the synoptical point of view， and he doubts the desirability of placing the U doteaβeae 
and the Codiac泡aein separate orders. 
Miwa and Iriki (unpublished data) analyzed cell wall composition (sugars) of siphonous 
green algae and reached conclusions similar to those of Feldmann (ibid.)， except for the 
genus Bryotsis Lamouroux， 1809. Xylan is found in genera such as B:りoρsis，Caulerta， 
Halimeda， Udotea， and Chlorodesmis， whereas mannan is found in Codium. It is int志向sting
to know that Dasyclad且ceaesuch as Acetabularia and Halicoηme s巴emto contain mannan. 
These recent contributions certainly suggest吹theneed for a reexamination of the ever-
expanding Codiaceae" (Egerod， ibid.， p.334)， and seem to be v巴rysignificant in the natural 
classifiαtion of the siphonous Chlorophycophyta. Furthermore， ithas been suggested that 
certain genera of Gepps' subfamily Flabellarieae may possibly represent merely an ontogenetic 
or regenerated stage of th巴 othergenera. Thus， some genera of the Codiac四 emay be 
considered merely as "form genera" (Taylor， Jony， and Bernatowitz， 1953). Further studies 
based on cultured fresh material may solve this problem. Ho時vever，the criteria used for 
these analyses are not available for fossil Codiaceae， and the author， atpresent， woul 
(… ニ二信之ニニ~::ニニエぷおおニZニムコエニζ二五ζ二二信二二二二戸ニてニ広三円l
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Family Codiaceαe.一一Accordingto the old classi五cationbythe Gepps (1911)， the 
accredited eighteen Recent genera of the Codiaceae are grouped as follows : I
1. Subfamily Codioideae 
The subfamily comprises genera with non-calcareous， spongy thalli. 
Genus Codium Stockhouse， 1797 
Genus Pseudocodium Weber van Bosse， 1895発
2. Subfamily Flabellarioideae 
The subfamily comprises those genera which have members neither calcareous nor 
spongy. 
Genus Avrainvillea Decsne， 1842制
Genus RhipiliαDecsne， 1859 
Genus Cladocφhalus Howe， 1905発
Genus Flabellaria Lamouroux， 1813 
Genus CαI争sygmαAgardh，1887 
Genus Rhipilioρsis Gepp et Gepp， 1911 
Genus Pseudochlorodesmis BOrgesen， 1925器
Genus Boodleoρsis Gepp et Gepp， 1911 
Genus RhiPidodesmis Gepp et Gepp， 1911 
Genus Chlorodesmis Bailey et Harvey， 1858 
Genus Gφρella Bゆrgesen，1940 
3. Subfamily U dotoideae 
The subfamily comprises those genera which bave calcareous members only.* 
Genus Penicillus Lamarck， 1813特
Genus Udotea Lamouroux， 1812特
Genus Halimeda Lamouroux， 1812発
Genus RhiPoceρhalus Kutzing， 1843発
Genus Tydemania Web巴rvan Bosse， 1901 
The weakness in th巴 Gepps'system becomes apparent when certain species of the 
genus Udotea from the Mediterranean (Lemoine， 1940， p. 123) and the Hawaiian Islands 
(Egerod， 1952， p.380) or even of the genus Halimeda (e. g.， H. macroloba) are found to 
lack any encrustation of lime. As mentioned above， Feldmann (1946) removed eight genera 
from the Codiaceae and placed them in the family U doteaceae under. the order Caulerpales. 
His basis for this arrangement is plastid morphology and cell-wall composition rather than 
the presence or absenc巴 ofcalcareous deposition in the cell wal1s. In this way， he attempted 
* Those genera belonging to Feldmann's (1948， 1954) family Udoteaceae. 
骨骨Collins(1909， p.386) included Avrainvillea among his Udotoideae. Apparently he subdivided the 
Codiaceae into two subfamilies， Codioideae and Udotoidea巴. Inasmuch as he gave no definition 
of these subfamilies， their comparison with those of Gepps (1911) is impossible. 
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to purIfy both the Codiaceaεand the Caulerpales p. Howev巴r，Egerod 
is of the opinion that "the af五nitiessugg巴sted Feldmann might be emphasized equally 
wεII within th日託日乱 separat色 subfanロ thegen巴rathat he 巴d
in the Udoteaceae， or at most， by referring them to a dist1nct family under the Siphonales" 
(Eg己主od， The present author supports th1S idea and proposes to redefme h巴rethe 
subfamily Udotoideae in which th己 offossil Codiaceae may be This 
may be raised to family rank in the futureラ how巴veI¥
First多 however，the author will discuss the fossil subfamily Garwoodioideae. 
Subfamily Garwoodioideae.一一-This is a paleobotanic taxon. Pia 
p. 786) d己五nedth巴 九ubfamilyMitcheldeanieae" very briefly as follows:伏・・Alle
Mitcheldeanieen bilden 1α10llεnfδStocl王巴ラ deren Inneres von radial angeordneten 
verzweigen sich， m巴istviele benachbarte in ungefahr der gleichen Hoh巴曾 Sporangien wurden 
nicht beobachtet. U m zu己inerEint巴ilungder Unterfamilie in zu gelangemラ ist
man also auf die Art der V巴rzweigungangeweisen." 
Although Pia thought of the れMitcheldeanieaeヲ as a Paleozoic 5ubfamilyヲ to include 
th05εPaleozoic genera such as Hedstroernia フ 1913，Mitcheldeania Nicholson， 1888 
VVeth巴red，1886)ラ θrtonellaGarwoodフ1914，呂swell as two doubtful gener司 Bevocastria
Garwood， 1931ラ and 1930ョ al10thergel1USフ Frollo，
1938， was established from the lVlesozoic rocks in southern Europe and was plac巴din this 
subfamily (Kamptner， A Cretaceous form named Kitakarniania by Ishijima (1943) 
may be placed among the subfamily too. 
Bec旦useof the invalidity of the genus Mitcheldeania Wetheredフ aspr・oved
Wood (1941)， Elliott ヲ p.791) rejected the "Mitcheldeanieae" and proposed 
a new nam世代Garwoodie侃"for it. His to thi3 subfamily is that 収。..Les
tubes a ramification rayonnes qui，巴s1巴ur sont attributes au 
des filaments codiaces difI日rent 呂ntdεs filaments ramifies entrelaces qui 
nous sont fanlIliers dans la des Codiacees connues.・・"
As Pia pointed 01t， this is 巴 withits nodular form 01 
the ramifyin 
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nate， pulvinate or globular;五lamentssmoothly uniform or fusiform with constrictions， 
branched， usually dichotomously or sometims polychotomously， in radial pattern remaining 
free or compact from one another. 
Subfamily Udotoideae.一一TheGepps' subfamily "Udotea巴"is much more nearly related 
to another subfamily "Flabellarieae" by external habit and by peculiarities of structure than 
either group is to the subfamily "Codieae" (Gepp and Gepp， 1911， p. 3)， and shares the 
similar characteristics of internal structure. The only di妊erencebetween the吠Udoteae"四 d
"Flabellarieae" is calci:fication of the former. The weakness of this system has already been 
mentioned (p. 247)， and Feldmann's contribution suggests the desirability of rearranging 
the whole family Codiacea巴andestablishing a new family U doteaceae to embrace al genera 
of the Gepps' U doteae巴xceptfor Tydemania and some g巴neraof both the Flabellari巴ae
and Codieae. However， so far his family lacks a Latin diagnosis， so that it is 0伍cially
invalid. The present author redefines the subfamily U dotoideae to fulfill the diagnosis of 
the Feldmann's family Udoteaceae， i. e.， todrop the family down to th巴 subfamilyrank. 
The correct orthography of the subfamily though without definition， was introduced by 
Collins (1909) two years巴arlierthan th巴 publicationof the Gepps' paper. The diagnosis 
of the subfamily thus may be given as follows : 
民Codiaceaeof thallus prostrate or erect， mostly with 1ime encrustation but some free 
from 1ime， composed of nonseptate， branched filaments; c巴llulosein the cell walls entirely 
replaced by callose; cells contain two typ巴sof plastids (heteroplastids : (1) photosynth巴tic
plastids， and (2) amylogenic leucoplasts). 
Subdivision of the subfamily Udotoideae. --Because of the sizable number of the 
fossil U dotoideae， itseems desirable to classify them into certain categories， i.巴.， tribes ・1
(tribi). Although the systems of growth habit (or life form) of plant have been critically 
argued as improper criteria to use toward吹naturalclassifi.cation" (Cfr. Just， 1949， p.9)， it 
stil can be integrated as the most practical， ifnot the only， criterion to classify such a 
group as the fossil U dotoideae. Thus， the author subdivides the subfamily into thre巴 tribes
on the main basis of growth habit: (1) Halimedeae， (2) Udoteae， and (3) Pseudochlo-
rodesmeae. 
1. Halimedeae， n.tribus 
Thallus erect， cylindri 
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2. TJ dotea久 TI.t1'ibus the of and 
Thallus bladed句 withorwithout lime encrustationヲ ofnon-septate 
which unite to form a blade ; long or short; blade mono司
stromatic to ps巴乱tousフ offi1am己ntsthat are fused laterallv 01' remain 
free from on巴 anotherJ 五18mεntsSD日 ft;siformor co1'ticatεd 
'-fhallus laminatusヲ calcec1'ustosus aut 五bris
instructa Habellarum quae ad laminam atam. formandam s巴フ aut
brevis larnin丘 monostromaticaad fibris presse et a 
latεrεaut ab se fibra己 a巴queievεaue fusiformae aut corticatae 
3. P日記udochlorodεsnlεae，n， tribus 
Thallus εrεc七with or without lime of non-septat巴ヲ J:ree と!icho
tornous fllaments not unitεd into a hlade; filan戸lentsconstricted 
Thallus er日ctuscalce crustosus aut incrustoslJ.s， 
fibris s巴 inlarninam Ilon 五bra巴 constricta巳
this class迫田tlO民 a1 t1三日 genera referred to the sub{anのlvUdotoidεae are 
as foliows : 
Collinsラ 1909
Gεnus C'udiun1 Stocl(houseラ 1797
U dotoideaεCoHin民 1909




G 己印n~肪1路s Iv ピGω刷Z狩附?刈仰1κω01ωjバia1<引‘〈α:コhvoωroσ肝、v日 1946 
Genus Sh"vetzovεt Birina， 1935 
Genus A.nchicodium 1946 
G日nusDIH，U)'Wiう μm Konishi et Vhav， 1961 
Tribus Halimedeae Konishiフ 1961
Genus !-]，正uuneda 1812 
Genus Pseudocodiu:ηWeber van Bつsse‘1895
Genus ゥ12081μ1011 1927 
Genus Ort必ず日tKonishi. 19ti6 
Genus Palaeocodium 
Genus Succodium 1954 
Genus H訪問〉ωdium 1951 
Genus Neoanchicodium Endo， 1954 
G巴nusl¥/[iziela Masloγ， 1956 
Genus Boueina Toulaフ 1883
Genus A.rabicodiU1n Elliottヨ 1956
Genus Penicilloide8 1938 
Genus Lancicula 1956 
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G巴l1USLitanaia Maslov， 1956 
Genus日間 Maslov，1956 
Tribus Pseudochlorodesmε日と I<onidu司 1961 
Genus PseudυιhlorodesnLIs 1925 
Genus Ovulites Larnarck， 1816 
Genus Penicillus Lamarck， 1813 
Subfamily Flabellarioideae Gepp et Gepp， 1911 o1'th. mut 
Genus Rhipilia Decsl1巴， 1859 
Genus Flabellω公 Lamouroux，lSl?， 
Genus Call伊sy，gmaAgardb司 1887
Genus Rhitilioρsis Gepp et Geppヲ 1911
Genus BoodleojうsisGepp et 1911 
Genus Rhltidodesm.is Gepp et (;'e、ppァ 1911
Genus Chlorodesmis Bail己y抗日乱rveyヲ l858
Genus Geρella Bゆrges日nヲ 1940
Subfamily Garwoodioiclea日 El1iott，1956口 orth.mut. 
Genus Ganvoodia ¥Vood， 1941 
Genusοr!onellμ(~(lでwooèl.. 191!J 
GenlJS Hedslroemia l\.othp1己tz~ 1913 
Genus Bevocasiria Garwooc1ヲ 1931
Genus I~μlrnaμ~tylon ， Konisbiフ
Genus .AhiyoshifJhycus K.onishi司
Genus Konishi， 
Genus PolYJ'Norphocodium D巴rvi1l久 1931
Genu月 CaveuxiaFroll司 1938
Genus Kita!wmiania Ishi iima 1943 
Sρecies concゆ inth.e Codiaceae. ~--Typological vs噂 Biological
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in Phycology. 
The definition of species bas忠仁:lon bisεxual animals as concεived by thεis also 
appli巴dto sexu且1pJants (恥1ayr，1949， p. 284; Lmλ7rεnce， p. 182 ; et al.， 1953， 
p圃 25). It is said that speeie日 lS乱打只roup()f e1ctually 01' interl凡で仔cljnほnatural
populations that乱rereproductiv日lyisolated frOln otber such gnmpピペ 代1is unit delimitecl 
primarily by gen日ticalcritετia and secondarily by criteria derived fromει白ologic在1alld morpho-
logical evidenc巳"(Lawrence、1951，p 
For nearly日間ntury今 biosystematistsho. ve t1‘ied to replace the typological coneept of thε 
species by a Eundamentally diJ翌日rentconeept o:f th己 speel邑sb乱seclon studies of strueture and 
variation of populations. In praetiee， howev巴r，partieularly in the held of phyeologyラ the
traditional type m己thoclbas巴don morphotype s巴emsto still r日luainas thεfundamental of 
its taxonomy. The test of inte.rfertility among tbe morphotypes of the most algae can hardly 
be exereisecl because of the diHicu lties .in the cu ltural conditions. 1n phycology， many 
species which morphologically resemble each other hav巴 beenrecognizecl as the separate 
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species on the basis of extreme geographic discontinuity --probably du巴 to ecologic 
control--and they are considered to be vicarious pairs (p. 206). Thus， the species concept 
in the Codiaceae seems to remain mostly in the classical“period of development of arti-
ficial and natural systems" or to be gradually stepping in th巴吹periodto establish systems 
in the light of evolution" (Lamprecht， 1949; cited from Lawrence， 1952， p.51). 
lndeed the taxonomy of those Codiacean genera which embrace a great number of 
species such as Codium (more than one hundred according to Setchell)， Halimedα(more 
than forty)， and Udoteα(about twenty) seriously needs comprehensive monographic treatment， 
because of the confusion of their current nomenclature based on vague definition or unsound 
anatomical consideration of typological species. Studies along this line are being made on 
Codium by Silva (1951， 1954， 1956， 1957; in Egerod， 1952) and on Halimeda by Taylor 
(1950， and Hillis， 1959). These modern contributions are expect巴dto introduce a more 
d戸amic(biologic) concept of species into the taxonomy of Recent Codiaceae which will b巴
the foundation of the taxonomy of their fossil counterparts. 
Codium.一一Agood example of the species segregation may be s巴enin the classification 
of Codium (Setchell in Lucas， 1935; Setchell， 1943 ; Silva， 1951， 1954， 1955， 1957; Silva 
in Egerod， 1952; Dellow， 1952). The genus has been divided into two subgenera which 
can be distinguished on the basis of (1) growth habit， (2) mode of thallus branching， and 
(3) utricular morphology. 
Subgenus Tylecodium Setchell， 1935.一一ー TylecodiumSetchell， 1943， p. 588; Silva， 
1951， p. 81. Tulecodium Setchell in Lucas 1935， p.200 (with suggestion by Lucas of 
preferable orthography) 
"Thallus prostrate or erect， applanate， pulvinat巴， or compressed-cylindrical; never truly 
branch巴d;utricles ramose" (Silva， 1951， p.81). 
Subgenus Schizocodium Setchell， 1935.一一SchizocodiumSetchell， 1935 in Lucas p. 204; 
Setchell， 1943， p. 592; Silva， 1951， p.95 
吠Thallus erect; cylindrical or slightly or markedly compressed; dichotomously or 
polychotomously branched; utricles simple" (Silva， ibid.， p.95). 
The subgeneric classification within Tylecodium was advanced by 吹earlierwork by 
Schmidt (1923) who based his subgeneric classification on that of J. Agardh (1887) as 
modified by DeToni (1889)" and accepted 収thefour sections of the genu 
ι 
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品pongy(subsect. Difformia)‘ spreac1 on flat sub'itratum ancl adhered wuh the whole basal 
part or larg巴 P日rtof thallus; utriclビsalways branched hequently" (Schmidt、192:)，p. 
23一25)，
SpongiosE乱¥S己tい"一、七.
， て寸Tb臼川ll日 pulvin口Jat民e，convolutis usqu.e ad globoso-lobaiis， utricles megausque to megistro-
ρhグsis‘aprc巴Sobtus巴.， (Setche11， in Lucas， 1935， p. 202) 
(3) Bu1'sae (J. Ag.) DeToniフ 1899ぅ o1'1:h.1mユt.Schmidt、1923
引ThallllSmo1'e or less spherical， pear-shape， 01' ova1， with inner hol1ow; attached 1:0 
substraturn with small cluster of 1'hizoicls or small stipe; u以tr吋icl巴s a1ways 1mbr喝主1正a江mched、
(Sch灯11仁cltιじ:与フ ibid.， p.24) 
Digitaefo1'rnia Silva， 1951 
"Thalli e1'ect; globose， cylinclrical、orcornp1'essed-cylinclrical; solid， 01' if hollovvフfirm
simple; utricles largeフ abundantlybranch巴d"(Silva， ibul" p， 94) 
The sp巴cif1Csegregation within a sectio (01' section) seems to be based on the utricular 
rnorpho1ogy (sh日pe，nature of apica1 wal1， haiI¥position of hair sca1'フ etc.)ancl utricu1ar 
dimension (sizιlength-b1'eaclth ratio，巴tc，)(Ch. Si1va， 1951， 1955， 1957; Si1va in Egerodラ
1952; Silva and ¥九lomers1ey，1956). For this "quantitative analysis"ヲ itis clesirab1e to 
standarclize the position of thallus wh巴1'ethe measu1'巴mentis to be taken， and Silva (1957， 
p. 118) takes about 2 C11 below the tip of a hranch for it 
The subgeneric classi五cationof Schi;wcodiurn seems still uns日tisfactory. The species of 
this subgenus are larger in numb巴rancl九venmore di飴cultto delimit and to properly 
refer under t:heir respective names" (Setchellフ 1943，p， 592). 
Udotea. --The classificatiol1 of Udotea proposed by Gepp ancl Gepp (1911， p. 108-
109) has been accept:ed by later students (巴 g・， Yam品daフ 1934)， The sp巳cific distinction 
within thεgenus is essentially based on the structure of the froncl (= b1ade) such as : 
(1) whether monostromatic or pluris巴riate，
〔勾 whe1:he1'th巴 ftlarn巴ntsbea1' late1'al appencl日ges01' not， 
(3) whethe1' the五laments乱r巴 unev巴n1yor ev巴nlyconstl'ict巴dabove th巴 dichotomie呂、
(4) the shap巴 andarrangement of the 1atera1 appendages (= papillae) from filam巳1ts，and 
(5) the cliameter of the旧日m巴nts，in :rclclition to the structure of the stipe， whether 
monosiphonous or compouncl. 
[{，αlunedα. --011 the C011t 
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HiHis 明記ロtly
flalin仰向 boththe 
ヨsthe dl.amcte.rs to the taxonomy of 
features such as (1) appearance、〔む extentof development 
of the (3) of the loweγI凶 stone to six segments， and (4) the 
8.nd sizes of the segm巴nts，and the OIles such as (1) method 
乱ndextent of of the cortex， (2) c'ppear初 1ceof th色 Ull1己主 cortical 
average di司meterand of lateral attachment of th日
beb白viorof the nodal medulla.rv五lamεnts.
m Yaleopbycology.ー一-Anendeaγ01' to introduc巴 tbe 
into 巴shas been 




va]ue as a 
even a small 




ALl th巴 fossil of algae are 
01"己xclusive
Not uncommonly， 
of thallus has be巴n as a typε 
conc巴ptto may 
data， (2) prevalence of 
of the available fossi1 record" (Imbrie， 
which must take 
time --the fourth which lacks in 
concept of …E 
Actual1yフ thedi伍cultiesin 
p. 
1nto account segments of 
--is ri10re 
フ p.
The fact th乱t仙台rc1.8 1'1日v己rany direct evidence 
ha13it8 of fossiEzed organisrn makes the problem difficult at五rst.
th巴
吹thi6i8旦we旦k
contrary it shoukl assumed that 
and structure 
1956 p. 71)， Without 
found tog巴lh巴rat the 司me10c旦lity
argument because there are such methods技S
for the of close 
3nd horizo11江ndindicated vvith variヨnt6did in fact li ve ev日1did 
consist parts of a1 一一一like and dis以1parts of a thallus一 "50that 
of a P8]コuhtion. Th1S assu工巴staxanolnic 
for it Is axiomatic that truly no evidence of 
hybridiz呂 arevdid sep乱r乱te
In most ca:;es of the 
distributions乱re
distribution of samplε， the obs巴.rved
εX of geologic and oper-
wIth fossil groups (乱sfossii Cudiaceaei 1旦ckin夜 criteriato 
d己finite stag巳Sフ
and distinctions seems to be 
t呂XOnOlTIlC
The of th巴 crileriato 
fatal in th巴 taxonom.Ic of those vrhich have rather simple structu.re like 
most fossil thallophytes. An excellεnt may be shown in the case of Girvanell仏 a
Schizophyta， Wh08巴 charactel-izationcould be bas巴don 
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lnten冶!日tionbetweぞn，Jd.iac吃ntlilmllcnb. SOJue autho1'& may clairn tbat the diHerence oJ 
nJじ o:fgeogr乱.phicdic:l:ribution，ヨ11dofstrL11igmpilIC〈c1i-りnolo包1じ distribution
じ日nbe 11Sεd as another criteria to distinguish spcci日s. '1'1i:3 would lead the tuxonomy of 
the genus to howeve1'， evεn though the 日sthus ddin巴d b記日 realone bio-
logically. A mechanical adoption of any ぅharacters"available rnay be乱shazarc10us as tl"le 
prececung c乱SεTh日 speciesof EJううora，a Permo-Pennsylvanian dasyclad， havc been 
segregat巴仁1on th日 basisof cliameter of bral1chesフ int巴rvalsof 
of lmmches on surf乱じf:'-J内 and tlHe distance betw亡日nth日
diameter of 引pores円
(Cfr. Ki)I1Ie:li勺 J953フ
p. 10Ci). At ])re:氏、ut，the iax.onomy ()f thj~ gιnUf.) ~.， e.elns tり beoncりftbe mosl: unsotisfa仁tory
日X乱mples乱mongthe Late Palem;oic calc日rCOll:J
Pia p. rn日ntionedth8.1: a11 th巳 。ffossil 巴 areto bε 
cOl1sider己das tぞmorphoJogisch巴 Arten"(morphological ~3pと and thi~， rnay b日 trl1e，with 
札 fewexceptions， 1:0 H.ec己nl:rnarine alga正 Heemph坑sized.a biometric approach to巴xauune
variability of乱 species，but，乱tthe sam己 time，warnecl of it:， mecbanic:al application. It is 
inter日stingto know that h日 alsoaclnu i:tεd on an average， his fossil of the Dasy 
cladacea日 CClnbe considerahly more wic1ely ddined than the Recent ones. He argued the 
two possibilities whεther (1) Recent b巴 based01 m巴 indiviclualv江riation，or 
fossil speci住日 b巴 basedon many biologic species because of many criterio. not available 
for fossil and of usefll1ncss to be stJ喝乱tigraphicd巴t巴rnlination
It is quite possible I:h司 certainぷeneraof the fossil Codiaceae are of subgeneric 
rauk 01' cven specific ran.k in I:erms of J:ミ巴C日川 i.axollomy 
[uanovia witb simple cor!巴xand ilnchicodiw1'l and with complex CC!rtex can 
bc foul1d eachじり1'1'日lativ•. ， am.ong 1:h巴 Recentgenu邑 Udotea. Thヒじ cllcrus1Ing，
Lithocodiurn and dichotomously branching Ilaluneda can bc con日i点.，recl as 
~ubgenericυr SI泥ciflC chfferenc巴 ifcOTnpared wilh i:lnd Schiz'ocodium of the 
gemu'， Codium or， in factフ1:wognJwth habit邑 υfIlalunedα0ρuntia. Two g日ncra)
coduun and Permocαtculus， of the Gymnりじりdiaceaemay b己 con:，idered as two 
Partly due 1:0 the sitl1ation mentionecl in the paI日 乱口仁Jpartly c1 ue to 
日仁、gregation司 1:1日 sp己cies01 fos己il Codiace臼te are ::;on1己t:iJT.es too split up if 
comparecl with I:hos<:' of RecclJt Cυcliac<:'ae. The sp日ciesof l!nckicodium 'vere ongm日11y
cliffcrentIated 01 the basis of diamcter of utricl巴日， 仁Iiametcr(= thic1m心 ofthal1u己 alld
shape and external appearanc巴 ofthallus in adclition to a cOllsideration (John-
30n， 1946， p. 1098). How日ver，recent studies have revealed that a11 the originally 
clefined are fOllnd I:ogeth日rfrom many ini:he sam巴 formations and their sequence of 
occurrencc is not SLlcce日日1¥1ι but rather overlapping. The distinction of IIle Gymno-
cocli:3.ceae， particularly o:f is basecl on appearecl 0:1 
sect.lons. Howeverヲ itis 50 obvious that the sh乱peis the function of origina1 shape of 
internοd巴 elldoriεntation of sectioning， H 1:h巴 internod己sof the Gymnocodio.ceae 
have vari乱tionin shap己 asgreat as those of Halirneda (Text-fig. 38 = Pia， 1926， text五g.
59 乱1socfr¥Egerod， 1952， t巴xt-.ng.19， p. 396) it is not desirable to define a species 仁d
the family solely bas巴clon the appearal1ce 01 internocle. Th巴白ffectof th巴 orientationin 
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Te又t-figure38 Morphological varia-
tion of internodes from one tha-
llus of Haluneda opuntia (Linna-
eus) Larnourouxo (Pia， 1926，五Z
59) 
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is discuss巴dels巴where(po The 
genus Lrataxaur，α， a Recent of 
the has be巴nknown to behave a 
V巴 dimorphismin se)ζual and as巴xualin-
so that the sp巴ciessplit by Kjellman 
(1900) have to b己 i立ててnatu.ral
(Howeラ 1918;Bゆrgesen，1915-20; 
1936; 1942ラ 1945，1953) 
a similar dimorphic relation in v日getativestructure 
can be巴xpectedin th巴 Gymnocodiac巴ae，too 
The isolation has be巴nconsidεred 
as one of the major causes of speciation; h叩 C巴
the evidenc己 seems to be commonly 
accepted to delimit the sp巴cies in (p， In paleophycology， howev己r，a 
careless adoption of this criterion may confusεthe taxonomy and lose the biostratigraphic 
implication of The morphological characterization bas巴don po回
pulation concept and evolution should bεthe most important and frequently the only crite-
rion to delimit sp日C1esm 
From the above it may be cl己arthat fossiJ Codiacean have been 
sp li t more than r日 anddistinguishable on the basis of morphologically 
available data， and the distinction seems to have 日 ioundation. On 
the other handラ thereis no doubt to b巴lieve that， theoreticallyヲ th日sepaleophycologic 
sp日clesare 可r旦n51entspeC1巴sぺ which may b巴 definedas吠 contempor乱neous
aggregates of p， 151). 
Thus， the of fossil Codiac巴a己 maybe the aid of quantitative 
tr巴atm日nt(po based on sound and evaluation. To avoid fllrther 
confllsion in taxonomyラ itse巴msto be desirable to and defme a 
of fossil Codiaceae in a rather broad s己nsethan to mε 
without sound biologic basis. The 巴sthus r己de五nedmay still be ap旦rtfrom neon-
tologic sp巴C1巴日 concept and may己venbe代successive ， which includes the 
of lin日 The between the paleo-and neo-phycologic 
specles c旦nbe diminished by ef{ort from time to time bllt will never be eliminat巴do
lWethod {)f 
Sanψ ー←ーThe of th己 fossilCodiaceae have b巴enr巴portedfrom sedi-
mentary carbonate rocks --limestones肌 ddolostones (or dolomie Vatan， 0 How-
巴verフ any sedimentary rock may be a potential SOlll'Ce of fossil Codiaceae. A fin巴町grained
clastic rod王 suchas or rnarl， interfingering with carbonate rocks， 
should be carefully searched because the lithologi巴ssemetim己s the of伏free
specimens" from th巴 matrixof th巴 hostrocks cluring the long process of natllral weatheringョ
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01"・， at least， rnak巴5巴乱syseparation of algal debris frorn the non-calcareous c1astic rnatrix_ 
Sorne Codiacean gen巳raoccur as growth forms referred to stromatolitic Spongiostromata 
(Anderson， 1950). Some乱rein the 10rm of 8ma11， subspheroidal nodules (Garwood， 1914). 
In a few occasions， Codiacean debris becomes a major constituent which builds bioherrns 
or submarine hanks. Commonly， most of the Codiacean fossils may be found as mecliurn-
to coarse-grained sized (0.25-1.0 mm in cliam巴ter)clebris in calearenite ancl calcarenitic 
limestone. Th巴refore、五eldobservation may 110t cletect the Codiacean nature of the algal 
specimen， unless its thin section is exarninecl uncler the microscope. 
Dolostone (or clolomie) contains badly clolomitiz巴clfossils. If there is any relationship 
between aragonite and dolomitization， some clolostones now rnight have hcen derived from 
the Codiacea久 originallyd巳br・i呂、 inthe form of aragonite needle which is taxonomically 
uniclenti五ableby any means， inclicating no fossil remains (see p. 187 Lowenstam， 1955 
Lowenstam and Epstein， 1957). 
1t may not be superHuous to mention the importance of adequate field sampling such 
as discussecl by Dorf (1955， p.579-80). The geographic as well as stratigr乱phicdescription 
of the sample must be clon巴 inthe fielcl， while sampling is made. 1t is εssential to under-
take a critical evaluation of the character and limitations of each sample before any 
systematic stucly is attempted. Eith巴rth巴 sma11collection from each sampling spot to 
satisfy statisticalJy "at random samplingヘorthe 1arger collection from the best preserved 
specimens at an accidental1y control1ecl spotフ maybe clesignated in advance. 
If the h05t rock is wel1 indurated， the preclominant orientations in terms of bec1ding、
foliation， or joints， should be markecl on巴achspecimen of th巴 sample，just like specimens 
for petrofabric an日lysis，80 tha似抗tth巴 五elcl 【oner口lt乱tiol1 can b巴 exact1y r‘巴proclucedin the 
1ab(川仁oratory(Fair凶bairnし， 1949， p. 241-51).持
If there is a time limitatiol1 in flelcl work， only a bottom-top relation of the specimen 
may be marked in the fielc1. The information thus obtained is necessary 110t only for the 
study of sedimentary fabrics (Sanderラ 1936，translated by Knopf， 1951 ; Newellラ 1955)，b 
本Thisis done as follows : 
(1) Select a place on the outCl'Op and break 0妊apiece of suitable size 
(2) Before trimming tbe edges、五 itback into place in the outcrop and cletermine the strike of a 
foliation， beclding， or joint surface present in the specimen. 
(3) Holding the Brunton compass on the strike， mark this clirection on the sp巳cimen，lsing the 
straight edge of the compass as a guid巴
(4) A color巴clpencil is convenient if the 3pccimen surface is sufficiently clry and 811100th司 otherwise
a dental pick or sharp巴nednail is preferable 
(5) Marl王thedip at right angle to this line， using suitable syrnbols to denote an overturned or 
vertical dip surface 
(6) In the laboratory旬、 itis advisable to mark th巴 strike.dip， and the relation of superposition as 
well as specirnen numb巴l'with water-pl'Oofed ink or with paint. A sketch of thの markedface‘ 
although not essential， will be an added safeguard. (Fairbairn， ibid.， p.241-42). 
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of fossil d巴bris. It will a150 巴 theclues of the growth 
habit of certain types of alga邑.
and Examination :一-To understand th巴 εxternal habit and the 
internal structure of th巴 algalthallus， th日 remainsof the fossil Codiac巴aeshould b日
extracted from the matrix of the hos1: :rock in which they are embedded. For the 
treatment， a mεthod applying the thermal differential 巴玄pansion(Mac Vicarヲ 1952) may well 
be used. Som.e types of algal remains may be extracted in this way. Sometim巴5，杷vena 
simple mechanical 'shock or scratching by a pick may be eHective. The 
of this t己chniquehas limitations， but it may separate a carbonate thallus， which is as acid 
soluble as the embedding matrix. Various ways to separat日 microfossilsfrom the matrix 
rock means of rnaceration may be seen in a brief discussion by Kirchner and 
J ones (1956)固
Any silicified tha11u8 such as those of t1巴famousPermian invertebrate from the Hueco 
and Glass Mountains， th巴 P巴nnianBasin Province of New 1¥在日xicoand Texas， may be 
巴tchedout by acid as fr田 fragrnents(Konishi and 1961). These are idea1 for the de-
tailed study of extemal structure. The concentration as well as the type of acid to be used 
m且ydepend on th日 natureof the s思 Ingen巴ra1，a dilut日 llyLUUC;Ul'ULlL acid solution of 
3% conc. or an acetic acid of 10% of conc. has been oroved to be successful. 
H the thal1us七-agmentsthus extracted are rigid巴ヲ theym旦ybe cleaned under 
the "ultra-sonic cleaner" (Hightower， 1956; e. g.， Branson吠Ifthe specimens 
become very fragile after treatment， acrylic plastic spray may be us巴d in str‘ 
This pγocessラ ofcours也、 cana180 be applied to fleld methods for friable fragm巴nts
1956ラ p.68). 
However， the 11108t conventionaJ旦SV¥T巴1as traditional method to prepar日th巴
of ~he fossil Codiaceae for is to make thin sections一一一 201:0 50 f1 tbick. At least 
three different kinds of oriented thin sectio1.s are 1.ecessary to describe and a fossil 
cl ili邑 lar紅白rl1umber of th己 thin sections th巴 better.
乱re
(1) one sectioned th日出USof 
(2) transverse， one sectioned p日 tothe axis of 
(3) ranJ，:enH，αl， o1.e sectio11ed to th巴 3urfaceof thallus， 01" to shghtly cut 
mw乱rdDarallel to th白 axisof 2"rowtb but 110t throu仔hthe axis . .t-''I.-~~''''''~.-'-'''''''''' "... '-.L.... <-<---<"-.L'-' '-'.... b 
Sections cut in dir巴ctionsneither parallel or to the axis of ar巴
r巴ferredto as oblique sections. 1n a blade-shape thallus， a distinction between the cross 
and transverse section may be d巴乳tedas follows the iransverse section is the 01.己 cut
perp巴ndicularto the plan巴 of of the t.hallmら whereasthe cross section is the o1.e 
cut by a plane perpendicular to the surface of thallus but without the inc1usiol1 of the plane 
of growth (Text四五go39) 0 Thus， the lo1.gitudin乱 sectionis the special one of the cross 
sectIons 
It is desirable to make thin sectio1.s from extractεd free thallus so that orientatio1. may 
be assurモd. 1n most of th巴 cases，however， rεprεsent旦 orientedsections have to be 
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Tθxt-ftgure :39 Nornendature o[ various seじtlons
A. Ter己te. L~ longituclinal; 1~ヲ transverse
E. Blady. Lタ lun.gitudinHl;C， croω;1'、 tranδverse
:2(-')9 
日electedfrom 目白じtiOH<3cut at random，日nclit is nol 日Llway己ピelSyto jind the 当日ctiOIlSwhich 
p里rfectlyfuHill Ib日 geolnetricrequirem日ntsrne.ntioned above. Besidc日 theth1'e巴 typicaJ
sectioIls， itis highly clesIrable to examin己 asmany obliql.1e sections as possible to reconstruct 
a three dimensional picture of thallus. It should he 1'ealized that the traces of tha111.1s 
appcn1'ing in s日じti0115乱rむ the fUl1じtionol va1'iousりi.i日ntationリfthe eiectiυl1Jng as ¥vε11 85 t.h e 
original shape of the thal1us.、 ltis己11'りnglyreCllImnendcd th日 anynew 51'巳cies01 fos詰il
Codiaeeae ec;telblish日don th巴 thinsections should have typlそ日 ofone of 
巴achlongituclinal， transver，se and tang日ntial~;ectiorw ， plus other p乱r日typεSof whatev己r sec-
tions there 乱re. Only one 己巴ctionwhieb conveys 11108t ch日ract巴 thenature of the 
taxon concernεcl is sel巴cted乱日 th巴 holotype. ; this may h白 the longituclinal section in many 
cases but can be the tra11SV巳rsesectiOl1. Other seじtionc;automatically hecome thと paratypes
Unless the sl1des are prep乱redfrom the absolut巴lyidentical piece of an original thallusフ
the concept syntype should not be applied to tbe type specim白15of fossil Codi乱ceae吋 because
lal:er wurk prove that the longitudinal and tr<tm;ver印 sectionof a sp飢 1出 p1'eviously
designated c乱日 no longer be refr::rred to the same species together¥ 
Eith日rac巴tateor cellu loid peels， or po1isbed sections J羽aybe substituted for thin 
sectIons. These actually 50metimes have the advantag巴 01inclicating a gross seclimentary 
fabric of th巴 hostrockフ whichthe thin section rnight fail to convey. The polishecl sections 
m乱yb色 convenientfor a ch己micaltreatment such as acid test (Lamar， 1950) or clyeing 
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For thi8 purpos巴p 巴venthe thin section m旦yhe 1邑ftwithout cover 
under careful storage. The acetate method (App巴1，1933 ; 1948 ; Butler， 1935; 
持 orits similarαSUMP" method 1953; Dunbar， has 
h即日 asa substitut巴 forthin sections in many p汀rposes
One of the of the peel is that it can be employed 
as negatives on film for 01 microphotographsラ (Easton，1942 ; 1949) and 
the size can be much larger than the usual thin sectio日S
conventional may be used for the observation of thin sections and 
A binocu1ar屯 with howevεr， i8 ideal， bec凱lsesuch a high 
as 250 times 18 sca士 neεd巴d，whε工εasthe petrographic test is 
n巴C巴ssaryfor th巴 observationof thin sections. The stage旦ttachedto the 
1S pref巴 notoniy for the de!icate mov記mentof the thin section during the examination， 
modal but a130 to the exact location of旦 tha11usor thallus.fragment in 
a thin s巴 whichmay be as the coordinate system (XO-100， YO-I00) app巴armgon 
the scale of the st乱ge 1933)。
:一--'fhe 01 a sp記ciesis the ultimate aim of paleontography. 
This processγaries with the of the student; i. e.， how do巴she d巴finethe 
species (p. 
In the case of fossil Codiacea久 afurther may be introduced because of 
their naturεAs the process of either disarticulation and or frag-
mentation， m正lyoccur for the [11'5t time a!ter the death of thallus， and then afterwards， in 
or of the disarticulated or 
debr・ismay b巴 followedfrom the habitat to the site of the ultimat己burial，
m巴ch品nical chemical 巴ticrecrystallization， 
and some interactions (e. g.フ somematerial might have 
been fossilized九(乱tth巴ヲ whe1'eas most the materials 
have been fossilized はw日yfrom the habitat). In the latter cas巴，
th記 identiflcationas w巴1as r巴storationbased on th日 maybecome very diB丘cult.
Thus， the evaluation of the of of a fossil Codiacean sample becom己呂
lmportant. 
Another ma 
キThemeans to m呂kepeel日re: (1) tool to procluce a smooth plain surface， (2) acicl to etch the 
S訂叩urfac伐色 (mo師stly日Cl，50川n【1民 t仕imesacetic or form工nicacicl向)， (3) 旦cetone，(4) she巴tof acetate (50-500 
μ; 100-200μpreferabl.e)， and (5) a shallow clish or tray. Time of etching may control the result 
of the process and rangεs from 5 1:0 30 seconds c1epending on the specimens. 
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fossil Cocl i日じ巴aehave to be described， compared， ancl identi五色d，on the criteria either 
partially or ful1y preserv巴clin fragments of segments. 
However司 thi5cloes not necessarily mean that the paleophycologist describes pieces of 
a segment as a spεcies. Instead， he r巴cognizesand visualizes a species fro111 the pieces 01 
segment， and d巴scribesth巴 speciesinsteacl of th己 piecesthemselves. This discussion， the 
author believes句 i5superfiuous to 1110St palεophycologists， but 111ight still be worthwhile to 
remind those who hav巴 replac巴cla d巴scriptionof an algal sp巴ciesvvith tl官、bjective"
observation of fossil fragments. 
Neverthelessヲ aprecise observation of fossil frag111ents， both qualitative ancl quantitative 
(biometric measurements) sho111d b巴 abasis for a proper d己scriptionof species. For thi8 
purposeヲ atahulation of 111εasurement like that which has heen used for other microfossils 
may s乱vetimεand space (Dunhar and Henhest， 1942; Konishi， 1954). Careful me日sure-
111ents thus recorded from the fossil Codiaccae can be useful for biometrical analysis of the 
data --quantitative paleontologyー ←-although the field has not b日e1 cultivated in phyco目
logy. The subject is a very significant and prohably v巴ryimportant phase to be explored 
in the near futUfe (cfr. 01son ancl Miller， 1958; Tmbrie， 1956). An excellent discussion 
01 the proc巴clurein paleohotanical sy臼tematicsprepared hy Arnold (1947司 p.402-415) 
should be given car巴fulreading hy乳1the students of paleobot乱ny.
